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PEEFAOE. 



This brief compendinm of Zoology is deeigned for use 
in gTBinmar and high echools. It is introductory to the 
author's larger Zoology. Though partly rewritten, and 
with additions regaidlug the habits of birds and mammals, 
portions of the larger book have been retained, the more 
difficnlt parts being omitted so as bo adapt it for younger 
pnpils, or those whose time is limited. 

No class in the study of Zoology should depend on a 
book alone, but specimens should be in constant use, — the 
text-book being rather for reference, — as all school work 
in Zoology should be object-teaching. Before taking np 
the book, each member of the class should be required to 
examine a fish — a perch, cunner, smelt, or any common 
fish; the pupil should then draw it with all the fins ex- 
panded; then with the aid of the directions on pages ISl 
to 15?, by means of a small scalpel, forceps, and scissors, 
the student should dissect the fish, drawing the heart, 
stomach, etc, and a transverse section; a preparation of 
the brwn can be easily made with the aid of a com- 
petent teacher. Having thus obtained some notion of the 
stmoture of a common vertebrate animal as a basis 
of comparison, the class can begin to study the book: 
meanwhile once or twice a week, if not of tener, taking a 
laboratory lesson, drawing and disaecting a star-Ssb, cl^. 
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or fresh-water mnesel; a lobster or crayfish; a horseshoe 
crab, locust or grasshopper; and finally a fish, frog, and 
cat. A BHiall collection of corals, shells, and a few typical 
dried or alcoholic insecbs, and skeletons of a fish, frog, 
reptile, bird, and cat, should also be examined and referred 
to constantly m nsing this or any other text-book. In ihis 
way, and with an occasional field excursion after living 
animals, the stady of Zoology can be niade of the highesb 
interest and Talne, calling oat both the observing and 
reflective facnlties. 

For collateral reading, the teacher or student is r&- 
ferred to the works of Hailey, Qegcubanr, Darwin, and 
Bi-ooks' Invertebrate Zoology ; for a work on shells, 
Woodward's UaQual of Mollusca; on insects, Packard's 
Guide to the Study of Insects; on birds. Cones' Key to 
the Birds of North America; for a magnzine of natural 
history, to the American Naiuraliat. A further list is 
given in the author's larger Zoology. 

While most of the cuts are taken from the larger Zoology, 
where their source has been already acknowledged, a few 
are borrowed from Liitken's Zoology {in Danish); Brooks' 
Invertebrate Zoology ; Emerton's Life on the Sea-Shore, 
published by 8. E. Cassino; and NordeaskiSld's Voyage 
of the Vega, published by Macinillan & Co.; a few cuts 
of Cmatacea are from Huyden's Twelfth Annnal Report 
U. S. Geological Suri-ey of the Terrifcories, and Fig. 137 is ' 
from the Second Report of the U, S. Entomological Oom- 
mission: these and others thus copied are duly acknowl- 
edged under each cut. A few of the illiiBtratioQS arc new. 

FaoTiDENCE, 8e^. 26, 1888 
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Pekfaob to the Second Edition. 

The moat important discovery made since this book was 
published is that the two lowest mammals, i.e., the duck- 
bill and Echidna, both lay egga which are introduced into 
the mammary poucli, where the young are hatched in a 
Tery rudimentary condition; the eggs have a soft parch- 
ment-like shell, and in the case of the spiny ant-eater, or 
Echidna, are nearly an inch (H-3^ cm.) in length. Refer- 
ences to these points are incorporated in the text. More- 
over, the nervous system of Echinoderms has been found 
to consist of a delicate sheet lying under the soft integu- 
ment, the thickenings seen by the naked eye forming the 
nervous ring and radial brandies heretofore regarded as 
forming thenervous system of these animals. These and a 
few other correctionB have been made in the present edition, 

Pbovidknck, March, 1885. 



Peefaoe to the Third Edition. 

Becent discoTeries, now generally accepted, have ren- 
dered necessary the following important changes in this 
work: The Tunicates are placed in the same sub-kingdom 
(Gkordala) as the Vertebrates; the Merostomata and Trilo- 
bites are regarded as together forming a class of Arthrop- 
oda called Podostomata; the sub-kingdom Arthropoda is 
Bubdivided into sis classes; the Malacopoda, Myriopoda, 
Arachnida, and Insecta being- regarded as classes, instead 
of sub-classes, as in the former edition. The orders of in- 
sects have been increased from eight to sixteen. Numerous 
minor corrections have also been made. 

PaoviDBiMCB, June. 1386. ' i., C^OOglc 



PiffiPAOB TO THE FOUETH EDITION. 

While no radical changes have been effected in the 
present edition, some verbal corrections and certain im- 
provements in the illnstrations have been made. While 
certain of the figures of the birds, viz.. Figs. 351, 254, 356, 
258, 362, 263, 264, 268, 270, 271, 273, 275, 376 and 279, 
have been already credited in the author's larger Zoology 
as taken from Tenney's Zoology, it should be stated that 
the original artist of most of them was Andabon, while the 
rest were originally drawn by Wilson. 

Pbovidekcb, Jfoy, 1887. 
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ZOOLOGY. 



INTRODUCTION. 

Dxrannoir of ZoolOGT. — The study of Outure comprises 
the extkmiimtioii both of minerals and of living beings, i.e., 
plants and animula. Every natural object in this world 
which is lifeless belongs to the Diinei'al kingdom : such are 
rocks, soils, water, air, and gas. Since plants uud animals 
live and gi-ow and have organs, or distinct parts which per- 
form acts called functions, aa the oye which sees, the hand 
which grasps, etc., all living beings are said to heorgajtic, 
and all mineiul bodies are said to be inorganic. It is cus- 
tomary to speak of the Mineritl Kingdom, the Vegetable 
Kingdom, and the Animal Kingdom; but it is better to 
speak of the inorganic and the organic worlds, since all liv- 
ing beings or organisms have much in common which 
distinguishes them from mineral substances. 

The slndyof plants is called Botany, and the study of 
animals ^oo/o^,^; while the study of living beings in gen- 
eral, whether plants or animals, is termed Biology, wliich 
■ means the science of living beings. 

Kbthod or Study. — We study an animal, if it be a Jog, 
for example, by observing its form, nolieing its head, trank, 
its four legs, etc. After a long and patient examination of 
the outer body we dissect it, examining the heart, stomach, 
brain and nerves, etc., and the skeleton. After a thorough 
study ot a single specimen we should then compare it with 
8 oat, and thus make our studies comparative. After sueb 



2 ZOOLOGY. 

an examination we shall obtain a fair idea of the form and 
Btrncture of the great class of mammalia, or mammals, of 
Thich the dog and cat are examples. Moreover, ve shonld 
stndy how the animal walks, how its heart beats, or its ejea 
see. This is studying the physiologt/ ot the animaL Then 
we should learn how the animal grows or develops from 
the,egg, and this is called Embryology, the germ of an ani- 
mal being called an embryo. The bodies of animals are 
made np of cells. A cell is a microsco]>ic portion consist- 
ing of a jelly-like substance called ^ro/ojt/a«m. Animal- 
cules are composed of but a single cell; such creatures are 
said to be unicellular, but most animals are formed of bone 
or shell, muscles, nerves, eta These parts are made up of 
. cells. Hence these animals are many-celled. The cells 
form tissues, such as muscular or nervous tissue. The 
study of cells and tissues is called Histology. Finally, we 
should acquaint ourselves with the habits and mental traits 
of the animal, and this is called Psychology. 

A fish is the most convenient vertebrate for ordinary 
school laboratory work. The object of these lessons is Ut 
induce the scholar to depend as far as possible upon the 
nse of his own eyes and bmins. He should observe with care 
some of the common animals here described, most of which 
be can readily obtain, and then study their form, habits, 
and the leading features of their anatomy. After examin- 
ing a starfish, clam, lobster, insect, and fish, and reading 
about their mode of growth, lie will obtain a knowledge of 
the principal groups of the animal kingdom which he will 
remember thronghout life. 

Clabsitioatioh. — There are estimated to be upwards of 
3S0,000 species of animals now living on the surface of 
the earth. How all these forms are related and how they 
differ comprises what is called the classification of animus 
or SrWrntATVl ZOOLOGT. 

When Linufeus, the father of natoral history, undertook 

to classify animals he divided the animal kingdom into 

classes, orders, genera, and species. Thus at present all 

_ h.C.oogIc 



arSTEMATIC ZOOLOGT. 3 

animals, sach as fishes, birds, or mammals, which have a 
backbone, ore placed together in the branch or eub-kingdom 
of Vertebrates; those vertebrates, such ae the cat, [horse, 
.or cow, which suckle their young, are placed in the class 
of Mammals; those mammals which have claws and teeth 
adapted for seizing and chewing flesh, i.&, are caraiTOrons, 
belong to the order of Carnivora. The order of Camivora 
is composed of a number of families, such as the cat family, 
the dog family, etc, A family is composed of a genus, and 
a geuuB is made up of species and varieties, the latter being 
composed of individuals. 

Thus the principle of zoological classification consists in 
placing animals which are alike by themselves into distinct 
groups. The following table expresses the zoological posi- 
^on of the cat: 

Kingdom of Animals; 
Suh-kingdom or Branch, Vertebrata; 
Clogs, Mammalia; 
Order, Camivora; 
Family, FelidEe; 
Genus, Felis; 
Species, Fells domesticae; 
Variety, Angorensis; 
Individual, a single Angora cat. 
The animal kingdom is divided into two serieB of branches: 
those for the most part composed of a single cell are repre- 
sented by a single branch, the Protozoa (animaicnles). 
Those animals whose bodies are formed of many cells are 
called Metazoa.* The series of Metazoa comprises the 
seven higher branches— i. b., the Porifera, Ceelenterata, 
Schinodermata, Vermes, MoUuaca, Arthropoda, and Ver- 
iebrata. Their relationships may be expressed by the fol- 
lowing 

* In Um latter group the cells ore arraciged in two, mostly three, 
fundamental cell-layers. Of these cell-layers the outermost la called 
the Mtodorm, the middle the mModerm, the iimerraoat thee^tlMIsnB, 
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FaieohTOLOOT. — TliG existing animalB vcre preceded in 
the earth's history by multitudes which are now extinct. 
Their remains in the shape of bones, teeth, or ahella, etc., 
are called fossils, and the study of fossil animals and plants 
is called Paleontolofry, 

OEOCffiAPEICAL DnTBtBTITIOV. — Animals are not arbi- 
trarily scattered over llio earth's surface, bat form aasem- 
blagea of species which jieople nny given spot or country. 
Sach an assemblage of animals inhubiting a given place or 
area is called a fauna. Thus we may epetik of the fauna 
oflfew York, or of the United States, or of North Amei- 
iea. The animals of the arctic region belong to the arctic 
fanna; those of the tropics constitute the tropical fauna. 
We may also speak of the fauna of the land or of the 
ocean. 

L:,.i,-z__iv,GoOg[c 



STSrUMATIC ZOOLOGY. B 

How to Begin the Stody of Zoology. — In onr rapid sur- 
vey of the animal ItiDgdom, in order to obtuin a clear idea 
of wbat au auimal is, and of the structure of some commoD, 
well-knowQ type or example, we would earnei^tly advise the 
etodent to study some humati physiology, snuli us Martin's 
"Tho Human Body," or any other at hand, and then to 
read the account of the anatomy of the fish in this book, 
and also study tlie skeleton and dissect a perch or any 
common fish. The student will thus have a standard of 
comparison, a standpoint from which to survey the animal 
world as a whole. He will thus learn the relations of the 
skeleton or solid framework of an animal to the muscles, 
etc., and learn what a heart, Jang, or eye is. Then lie can 
the better understand the structure of tho lower animals. 

This book begins with the lower, simpler, oiio-celled forma 
aod ends with the most complicated, i.e., birds and beasts, 
as it is beliered that this is the most natural and philo> 
sophical method. In geological history the invertebrates, 
i.e., those animals without a backbone, appeared before the 
vertebrates. It is better to lead the student from the sim- 
pier to the more complex animal forms, just as in studying 
history we begin with tho origin of mankind and trace the 
history of the earlier nations which have preceded existing 
peoples; or iu the history of our own country, begin with 
the discovery and first settlement by our European ances- 
tors. To begin the study of zoology by first taking up the 
mammals and birds is like reading history backwards. Be- 
sides this, the student, being more familiar with the birds 
and mammals, will find the subject growing more interests 
ing as he gets nearer the end of the book. 
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Bkanch L — pBOTOZOA. {Atttmalcules, Infusoria, Monads, 
etc.). 

Oehebal Chaxactxbs 07 FBOTOZOAira. — None of the 
Protozoans c&n be seen witboat the aid of the microscope; 
they are microscopic animals or animalcules. One of the 
simplest forms ia a very minute being called Ammba. It is 
to be sought for in standing pools, where it Utcs on the 
leaves or stems of submerged plants or in the mud or ooze 
at the bottom. Taking np a drop of wster from the bot- 
tom of such a pond and placing it under high powers of 
the microscope, we may, after close examination, detect a 
Tory snjall moving mass of jelly-like substance or proto- 
plasm. As it glides over the glass the sides of its body 
balge out, or it enddenly throws out lobes or projections 
from TariouB parts of its body as if it were falling apart; 
then it retracts these transparent root-like processes, which 
are called pteiidopodia, or false feet, and becomes smooth 
and rounded, like a drop of thick symp. Thronghont the 
body-mass are granules which have a mde sort of circula- 
tion. There is also in or near the middle a clear round 
body called the nnolens. In all respects the Amceba is a 
cell, i.e., a bit of protoplasm with a nucleus in the middle. 
Besides the nnclens, a, clear, hollow, round, pinkish space 
which enlarges and contracts is usually present This is 
called the " contractile vesicle." 

The food of the Am<eba consists of one-oelled plantt 
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finclias diatoms and desmids, and of portions of thread-like 
plants, or of animalcules. After Eelecting its food, as for 
example a minate plant, it engulfa or evrallows it by moT- 
rag towards the object and graiuallj closing around it, 



., ., -ctosani: b, etmple peeudopod; f\ 

i; d.apseudopod beeiniiiDKtoKrowout, 
FOcuOJe ; h, fnod-bAlT; i^ nucleus; Jc, con- 



Bntil the object is enveloped within the body, which Is so 
transparent that th^ food-object can be seen through it. 

>og[c 
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The Amffibs htm tlie power of digesting and of diBtribating 
and absorbing the food (Fig. 1, h, food-ball) when digested. 
The Amceba reprodnces 
its kind by simply diridiug 
into two portions, as seen 
in Fig. 3, After becom- 
ing encj'sted or forming a 
round mass as at B, it 
breaks out of the cell-wall 
and becomes free and ir- 

Ft8. i.—AriUlcba vrolaiM. A. the left- ron-iilni- in uliaTui as ai J 
luumflgTire, IhS most ueuaJ form; tli8 rt^glJaT lU Snape aS ai ^. 

d&"t^''™iSmdte^w°SB'diJ^^ Self-diviBion then begins 
^^S^ioaotthBgrauuie*. Highij afl at C, the nuclcns divid- 
ing into two, until ati>a 
and Db two separate indiridnalB are formed. 
When the Amceba is touched it (I) contracts its bod; — it 



_. tme fn Ita reeliim 

c.DucteUBib. nuclwjlua. CAmceba; 
the result of dlviglon. Eighlf mag- 



DlBe/ 

is thus said to be contractile — and (2) performs automatic 
movements; also, like the higher animals, (3) it swallows 
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food; (4) chemical ch&nges in the food take place: id other 
words, it digeetfl its food, i.e., separates or secretes the por- 
tion necessary to nourish its body from those portions which 
it rejects as waste; (5) it may also bo eaid to breathe, the 
changes involved iu taking food, especially oiygeii, caus- 
ing the production and excretion of cai'bouic acid; (6) and 
finally, it can reproduce its kind. Thus we have foreshad- 
owed in this exceedingly simple organism all the important 
functions of animal life. 

Clabsbs of Protozoa 

1. Body formksa, usually sliellcd BJmopoda. 

2. Body cyliaJrical; purasilic Oregarinida. 

8. Body ciliated Infutoria. 

Class L — Bhizopoda {Root-animalcules). 

Oeneral Characters of Shizopods. — Beeides the Amteba, 

which is a representative of this class, there are a uumbec 



Flo. 1.— A FonHDlnlter. aM^gerina buUoidet, maguiaed TV dituncten. 

of fresh-water forms which have simple, silicious shells; 
but in the sea there are thousands of species whose sheila 
are partitioned into chambers, and are usually perforated 
with holes like a sieve, through which the animal protrudes 
its false feet or pseudopods. These shelled Bhizopoda ar« 



10 ZOOLOffT. 

odled Foraminifera (Latin, foramen, a hole or aperture; 
ferens, bearing). 

In some forma, as the fossil NummuUtes, the chambers 
are nameroaa and regular, the shells being fliit and consist- 
ing of eight coils sitnated in the same plane. A recent 
species of Foruminifer found at Borneo measures more 
thsQ two inches in diameter, while a common form on the 
Florida reefs which is swallowed in large quantities by the 
Holnthuria, or sea-cucumber, measures about one fifth of 



tia.t.~ItotaUa. A Bhlzopod, Bbowltig Uie pseodopodiA. 

an inch in diameter. Most of our native species are much 
more minute. The Eotobn, so-called, is supposed by some 
to be a Foraminifer, but others regard it as of mineral ori- 
gin. These Foraminifera float in calm weather on the sur- 
face of the sea, and when they die tlieir shells slowly sink 
to the bottom. They are exceedingly abnndant, and the 
shells at the bottom accumulate In such quantities as to 
make a gray mud or ooze forming the bottom of the ocean 
at great depths: this soft, deep mnd is called 6l(^erin« 
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DOze. Chalk is largely made op of the calcareona shells of 
Faraminifera; before it became hardened into rock-masaes 
it' was a kind of Foraminifer- 
ons ooze. 

Those Rhizopods which se- 
crete a ailicious shell are called 
Radiolaria. A few {Fig. 6) 
live in fi-eeh-water ponds, bnt 
the majority live in the sea. 
Their sheila possess wondrous 
beauty and variety of orna- 
mentation. 

Some Rhizopods are known 

tO develop from little monad- rtan. a, a monel of rood drawn 
1-1 _ _ 3 1 ■ i_ Into Ihe cortical layer b; e. central 

like or round germs, which parendwinatousmMS of bodjjd. 

move about by means of two J^t'^u^'o^a^rf^thl, ™ltiSd 
little active threads or tails. "w^.' Highly mw>ifled. 

Class IL— Gbegarinida. 
General Characters of Gregarines. — These may be best 
defined as parasitic, worm-like Amcebfe. Thoy are long 
and slender, of quite definite flattened or cylindrical form 
(Fig. 1) to adapt them to their parasitic life. The largest 
kind {Oregarina gigantea) is like a piece uf fine thread, 
half an inch l(>ng; it lives in the intestine of the lobster. 
Most Gregarinte are very minute, and are parasites, living 
in the digestive canal of insects. 

Class III. — Infusoria. 
General Characters of Infusoria. — If we allow a little dried 

grass or hay or a piece of fish to stund in ii glass of water 
for a day or two, thns making what is called an infusion, 
and then examine a drop of this water it will be found to 
teem with myriads of microscopic creatures, called Infu- 
soiians, because tliey are found in infusions. The simplest 
and minntest form of infiisurian is the monad (Fig. 8), 

>og[c 
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Id Ewimming, the monad atretchee out the whip-lash-likfl 
appendage called the fiagellum, which Tibrates with an un- 
dulating, whirling motion, and produces 
* a, peciiliar graceful rolling motion of 

the monad. When the monad is fixed 
the fiagellum is used to couTey food to the 
mouth, which lies between the bate of 
the flagellnm and beak, or "lip," The 
food is thrown bya eudden jerk, and with 
precision, directly iigainst the month, 
"If acceptable for food, tlio fliigellnm 
presses its base down upon the morsel, 
and at the same time the lip is thrown 
back so as to disclose the month, and 
then bent over the paiticle as it sinks 
^tbi^^^^\ into the latter. Wiien the lip has ob- 
wSSte-'withawl- taiued a fair hold upon ihe food, the 
"fSie'hwMt"*" older' flagellum Withdraws from its incumbent 
hi '"'^Mrt*''r'*"the position and returns to its former rigid, 
bodi: c. nueiBUB. watchful cooditioii. The procesB of de- 
glutition is then carried on by the help 
of the lip alone, which expands latterly until it completely 
overlies the particle. All this is done quit« rap- 
/^mK idly, in ft few seconds, and then the food glideE 
/ m'm <l"''^'''y '"to Ihe depths of Ihe body, and is enrel- 
I \'W ^V^^ '" ^ digestive vacuole, whilst the lip assumes 
\ \jr its usual conical shape and proportions." (Clark.) 
s._n. Some monads are attached by a slender stalk to 
jeita. a the leaves and stems of aquatic plants, and these 
iufusori- are usually collected into compound monuds, sev> 
moiiKd, eral arising from a common stulk. In such casee 
]uge d^ the body with its nucleus and two or three con- 
^Igeiis. tractile vesicles is surmounted by a delicate collar, 
ma^i- <"it ^^ which the hish (flagellnm) projects. 
"**■ Monads multiply (1) either by self-division, or (8) 

by the production of great numbers of extremely minut« 
germs. Hence the minutest of all beings reproduce from 
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genus. lb has been found 
that while a fully grown mon- 
ad, called Dallingeria, may be 
destroyed at a temperature of 
143° F., the germs or young, 
which are iQconceivaljIy mj- 
niite,requiring to be magnified 
3000 diameters in order to be 
seen, perish only whea heated 
in fluid to from 213° F. to 
268° F. It would thus appear 
that no living beings, either 
plant or animal, are excop- 
tions to the universal law that 
all arise from germs. Hence 
the doctrine of spontaneous 
generation, which implies 
that the lower animals may at 
the present day develop aptn- 
taneously by chemico- physical 
action, ia not true. 

8ome monads ara phospho- 
rescent. Sucli is the gigantic 
monad called NocUluca (Fig. 
9), which occurs in great num- 
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bers on the enrface of the sea, and la large enough to be 
Been with the naked eye. 

The true Infusoria are coTered with cilia, or hair-like 
proceseea, by which they glide about over submerged leaves, 
etc. One of tlie largest and commonest Infnsoriang is Par 



Fig, 10 represents Paramecium caudatum. This animal- 
cule IB a musa of protoplasm, repiesenting a aiugle cell. 
In the body-maea are czcavated a month and a throat lead- 
ing to a Bo-ealled stomach or digestiTO cavity. Two hollowa 
in the body form the contractile veaicles, and another cavity 
constitutes the nucleus (n). 

The trumpet-animalcule (Slenior) is large enough to be 
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detected with the unaided eye. This Infusoiian attaches 
itself at one end by a stalk, and builds up a sliglit tube, into 
which it contracts when disturbed. The Stenlor may be 
sometimes observed multiplying by self -division. 

In Stentor polymorphus the process of self-di vision takes 
place in two houre. Fig. 11, /, represents the final stage 
when the two individuals 6wim away separately, each as- 
suming the original adult form, a. 

The bell -animalcules, Vorticdla and Epistylis (Fig, 12), 
form patches like white mould on aquatic plants. Their 
motions as they suddenly contract and shoot ont their bells 
is exceedingly interesting. 

Many Intusorians, besides self -dividing, produce ciliated 
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young. Some Infaaoriaas also undergo a process common 
in low plants, called "conjugation." 



Flo. \i.—A, BpttliilU fiavtcant Ehr,, a sliigle, many-forked C0I0117 at bell anl- 
malcoles. aBghilrm^nlfled. B, oae of (he sDimalculeg magniRed SGO diaia 
etera. p, the Ktem; <1, the flat apirol of vltiratlng clUa at the edge of the disk; 
tiM, themuaelejiB toj, thedepthof tbedUestlvBcayitj; m, themoulh; 0,0', 
dia throat; cv, the oontracUle veaiclB; n, the reproductlre organ. 

CHAPTER II. 
Bbajtch II. — PoRiFBRA {Spoiiges). 

OehzbaL CHASAOTZRS 07 Spovqxb. — Formerly sponges 
were supposed to be. plants, but they are now known to be 
composed of numerous cells, arranged in three layers, and 
to deTelop from eggs like the higher animals. 

A sponge, then, is a cellular sue (Fig. 13) with digestive 
chambers or minnte rude stomachs lined with ciliated cells, 
the whole sponge mass being propped np by an iiTegular 
basket-work of needle-like bodies called spicules. Upon 
cnttlng a dry sponge in hnjf there are to be seen large canals 
which have large openings called oscula; these are really 
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Fio. II.— a, 1oDg:<tudtiuil section Umugh KsIniplecalcareoUBBpnn^, iiboiiliiBlta 
Bimple ceotraJ o&vity ; 6« BfaowJiiK a alD^La osculum at the top, and tb« many 
mouths over the ■urtitoe. AtWrHaackeL 
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openings for the esit of waste tnuttera. Among these large 
openings are multitadcs of minute openings wliich serve as 
moutha, Tliese mouths lead by branching canals into little 
pockets or chambers which are lined with digeetive, ciliated 



Via. IS.— Development oT a aponge (.lyeon citialum), A. B. morula leen In aeo- 
Uon; c. BeEiuentatlOD caiity; C, ciliMeil embryo; D, embrio about to be- 
come Btatlonary, with a lew BpJculeHI E, spoDfe become Bt&tloiiary, wilb 
spiculea. Highir magnlfled. 

cells; the spongCj then, liaa myriads of mouths and stom- 
achs (Fig. 14). 

Sponges develop, like all the 
higher animals, from true eggs. 
The pgg, after fertilization, 
begins to giow, and divides into 
two, four, eight, sixteen, and 
more spheres, -until it looks like a 
mulberry, which seen in section 
is as in Fig. 15, A, B. This is 
called the morula state. The cells 
farther multiply, and arrange 

themselves into an outer (ecto- f.«, iB.-cuiMed embryo or b«- 
derm) and inner layer (endo- ^^.l' ^S^^^S^^T" 
derm. Some of the cells are cili- 
ated, and in this state the embryo leaves the parent sponge 
and swims about in the sea (Fig. 16 and Fig. 15, C). 
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The ciliated embryo soon fixes itself to eome seaweed or 
rock, meanwhile the apicules growing as in Fig. IS, E. 
Sponges may have liomjBpicules as in those in domestic use, 
or calcareous or silicious spicules. Fig. 17 represents a 
fine silicious sponge from the West Indies. The most 
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beautiful of all silicious sponges is the Venus' flower-basket 
{Eupleclellum aspergillum), which lives anchored in the 
mud at the depth of about 10 fallioms, near the Philippine 
Islands. 
A sponge called the Gliona bores into shells, causing them 

. .iv,Goog[c 



COMMERCIAL SPONGES. 19 

to disintegrate. For example, Cliona sulphurea, a yel- 
lowish sponge, has been found by Verrill boring into 
yariona shells, sach as the oyster, mussel, and scallop; it 
also spreads out on all sides, envoloping and dissolving the 
entire shell. It has even been known to penetrate one or 
two inches into hard statu:iry marble. 

Of the marketable sponges there ai-e sii species, with nu- 
merous Tarietlcs. They ai'c available for our use from being 
simply horny or fibrous, having no flinty or ailicious spi- 
cules. The Mediterranean sponges are the beat, being the 
softest; those of the Red Sea are next in quality, while our 
West Indian species arc coarser and less durable. Our 
West Indian glove-sponge {Spongia tuiulifera) corresponds 
to Spongia Adriatica, wiiicb is the Tarkey cup-sponge and 
Levant toilet sponge of the Mediterranean. Spongia gos- 
sypina, the wool sponge of Florida and the Bahamas, is 
used as a horse or bath sponge. 

CHAPTER III. 

Bbanch ni. — CtBLENTEKATA {Hydroids, Polyps, etc.). 

OEVBRALCHAEACTXBaOFClELEVTEItATZB.— We now come 
to animals of more definite shape than sponges, while their 
structure is more easily understood. A common type or 
representative of the group is the fresli-water Hydra. Its 
body is like a slender cylindrical sack, with a mouth in the 
middle surrounded by a circle of feelers or tentacles. The 
mouth leads into a simple stomach-like cavity; whatever is 
not digested, such as pieces of shell, etc., is rejected from 
the mouth. The walls of this very simple body consist 
of two cell-layers, the ectoderm and mdoderm; the middle 
layer (mesoderm), found in higher animals, not being pres- 
ent. From the fact that the digestive cavity or stomach is 
simple, being hollowed out of the body, there being no 
genuine separate digestive canal, as in the higher animals, 
all the species of this branch are called Cmlenterata (Greek, 
HOtXot, hollow; and eyrepoy, digestive track). 
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Class I. — Hydrozoa. 

Characten of Hydrosoans. — The common Hydra (Fig. 18) 

may be found in fresh-watot ponda attached by its base to tbo 



under side of the loaves of aquatic planta. It is not fixed 
permanently, but can move freely about. It ia very small, 
just large enough to be seen wltbont a magnifying glass; 
it is usnally pale green, but la sometimes brown> The 
OOglf 
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month is stirroiinded witli from five to eight tentacliid or 
feelers, which are hollow, the mouth opening into the cen- 
tral eayity or stumuch. The Hydm, attached to aome leaf, 
reaches its tcntack'B out in all directions; a minute insect 
OT joang snail or Infusorian jiassiiig by will, if touched by 
these feelers, be instantly paralyzed, and then the feelers 
close OTer the helpless victim and it is drawn into the stom- 
ach and digested. Tliis powerof paralyzing and thus easily 
capturing active living creatures ia due to the presence in 
the fikin of the tentacles and body of what are called losso- 
cells or nettling organs (Fig. 20, c, d, e), which are minute 
cells containing a long barbed thi-ead coiled up within the 
cell. When the Ilydra touches an animal swimming near 
it, thousands of these little barbed cords are darted into 
the victim, which is instantly paralyzed, and thus falls an 
easy prey to its captor. These nettling organs are found 
in all Cfelentcrates, such as jelly-fishes and coral polyps. 

The Hydra, like some other animals of simple structure, 
is capahlo to a wonderful degree of reproducing itBelf when 
cat into pieces. Trembly, as early as 1744, not only cnt 
Hydras in two, each part becoming a perfect Hydra, but 
on slicing them across into thio rings ho found that from 
each ring grew out a crown of tentacles; he split them into 
lougitudiiiitl strips, each portion becoming eveutuallya well- 
shaped Hydra, and finally he turned some inside out, and 
in a few duys tlie Hydra swallowed and digested bits of 
meat, its former stomach-lining having now become its 
skin. The Hydra reprodnces by budding as well as by 
eggs. 

The process of budding is hut a modification of that in- 
volved in natural self-division, and it is carried on to a 
great extent in Hydra, a much larger number of individnals 
being produced in this way than from eggs. Our figure 
(18) shows two individualB budding out fi'om the parent 
Hydra; the smaller bud (a) is a simple bulging out of the 
body-walls, the bud enveloping a portion of the stomach, 
until it becom^B constricted and drops off, the tentacles 



meanwhile budding ont from the faither end, and a month- 
opening arising between them, as at c. Budding in the 
Hydra, the Actinia, and other polyps, and in fact all the 
lower animals, is simply duo to an increase in the growth 
and mnltiplication of cells at a special point on the ontside 
of the body. 

The Hydra, exactly as in the vertebrates, including man, 
arises from an egg which, after fertilization, passes throagh 



Pia. 19.— ColoDjr ol Bsdraetlnia e^inata on ■ shell tenanted by a hermit cnb, 

a momla and then a gaetrnla stage, the germ consisting 
at first of two cell-layers. 

In all the Hydroids except Hydra the sexes are separate, 
and we for the first time in the animal kingdom meet with 
two sorts of individuals, i.e., males and females. 

The simplest form next to Hydm is Hydractinia, a Hy- 
droid encrusting shells (Fig. 19). In this form the indi- 
Tidual is composed of three parts, each endowed with dif- 
ferent functions, and culled aoot'ds— namely, a, hydra-like, 
sterile or nutritive zooida; S and c, the reprodnctive zooids, 
one male and the other female, both being much alike ex- 
ternally, having below the short rudimentary tentacles eeT- 
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eral round sacs, or " mednsa-bndB" which produce either 
male or female meduBss. These mednsa-bads are like the 
free medussp of Coryne. The martne Hydroid^ theo, are 



bjgiily nuguifled. 



c, a. third form. All 



i]8na11j of distinct sexes, growing by colonies, which are 
either male or female. 

The minute animals of Millepora 
aecreto large coral-liiie masses on the 
reefs of Florida and the Pacific Ocean. 
The name is deriTed from the nnm- a 

berlese minute holes or pores scattered 
over the surface in which the nutritive 
(Fig. 30, a) and reproductive zooids 
(Fig. 30, 5) live. On breaking off pieces 
of the living coral one'a hand is stung 
and made sore for days by the stings 
from the laaso-cclls, bo poisonous is this 
coral-like growth (Fig, 20, c, d, e). 

A common Hydroid on our north- Pia. si— Poirpfio of c». 
em shores is the Coryne (Fig. 21), ■"^oSusa-bud' « o, 
which differs from the foregoing kinds "° enlarged, 
in producing a free bell-like form called a medusa ta 
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jellf-fish (Fig, 22). All jelly-flehea are more or less bell 
or nmbrella shaped, and are delicate tranBparent creatnres 
which move about in the water, bj opening and closing 
the edge of the disk-like body. From the centre of the 
body bangs down a hollow proboscis-like tube, the stom- 
ach, from the base of which radiate four canals or passages 
which open into a circular passage around 
the edge of the disk. This is the water-vas- 
cular system, and the fluid it contains is sea- 
water mixed with the digestive iluid; this 
fluid thus rudely coiTespoiidB to the blood of 
higher animals. Four long thread-like ten- 
tacles in the Coryne hang down from the 
edge of the disk, Theae delicate jelly-Bshes 
possess a nervons ring passing around the 
edge of the disk, and also eyes and simple 
ears (otocysis) situated at intervals on the 
edge of the disk. 

The mednsEe arise from little bnd-like 
swellings on the yonng or Ilydroid (Fig. 
31, d); these enlarge, and finally become 
detached and ewim about as at Fig. 23. 

Some Hjdroids like Serfularia (Fig. 23) 
are encased in horn, and closely resemble 
delicate sea-weeds. Tbcy are commonly 
thrown npon sea-beaches. 

Our common large jelly-fish or "sun-fish" 

so often thrown ashore on sandy beaches is 

^'"iZrJcZp, the Aurdia (Fig. S7). It grows eight or 

1?^ <^M^m. t^" inches in diameter. Its tough, jelly-like 

Bnbrged. convex disk is smooth above, but hollowed 

out beneath into a broad stomach with a square month, 

the edge of which is minutely fringed, bearing four fringed 

broad, short tentacles. On the fringed margin are eight 

covered eyea situated in indentations, which divide the disk 

into eight slightly marked lobes. The four main water- 

vascnlar canals snbdiTide, as seen in Fig. 27, into nnnier* 
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oQB brandies, which connect with the marginal vesseL 

The Aurelta spawns late in the sammer. 

The eggs pass out of the mouth into the water along the 
channelled arms, and in October the ciliated sac or gastrnla 
becomes pear-shaped and attaches itaelf to rocka, dead 
shells, or sea-weeda, and then assumes a Ilvdra form with 
often twenty-four yery long tentacles. This stage n-aa 



Fra. S3.— Sn-fuIoWa abletina of Europe. A. natural stze; S, magnifled. ahmr 
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originally described as a distinct animal under the name of 
Scyphistoma. In this Scjphistoma stage (Fig 24) it re- 
mains about eighteen months. Toward the end of this 
period the body increases in size iind divides into a series of 
cup-shaped disks. These saucer-like disks are scalloped on 
the upturned edge, tentacles bud out, and the animal as- 
sumes the Strobila stage (Fig. S5). Finally, the disks sep- 
arate, the upper one becomes detached and dies, but the 
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othere Bwim awa; iu the Ephyra form (Fig. 36), when 
about & fifth of aa inch iu diameter, and toward the mid- 
dle op end of summer become adult Aurelim (Fig. 27). 




Fio. 34.— ecyphiEtoma ot Au- Fio. ».— Strobll* of Ait- Fia.M.— Ephyra ora 
relia. reliojluvittula, Hag- llcat free condltlpn 



An example of the compound Hydroids, called Siphono- 
phora, is the Physalia, or Portuguese man-of-war (Fig. 28), 
which 18 common in th^ tropics, and is sometimes carried 



Fio. ST.—Atirfliaftavidiila. Natural siM. 

northward by the Gulf Stream. It is excessively poisonous 
to the touch. In picking up specimens stranded on the 
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shores of Key "Wesl, Florida, oar hands have been severely 
stung by them, the burning, smarting pain lasting for hours. 

A Sii)lionophore, such as Phy- 
salia, for example, may be com- 
pared to a colony of Hydrae- 
tinia, in which there are nutritive 
and reproductive zooids and me- 
dusit buds. In Pliysalia, how- 
ever, there are four kinds of 
zooids — i.e., (1) locomotive, and 
(2) reproductive, with (3) barren 
medusa buds, which are culled 
the "swimming bells," and (4) 
thenutritivezooida or "feeders," 
a set of digestive tubes which 
nourish the entire floating col- 
ony. 

The Portugnese man-of-war 
consists of long locomotive ten- 
tacles, which, when the animal 
is driven by its broad sail or 
float before the wind, stretch out 
in large individuals from thirty 
to fifty feet. These lai-ge Hydra- 
like zooids are arranged in small 
groups, arising from a hollow 
stem communicating with the 
stomach extending between the 

inner and outer wall of the float, fio. is.— pApMiia, or partuKueHe 
The "feeders" are of two kinds, '""'-"'-™r- n»«™i bi™. 
large and small, and are clustered in branches growing 
from a common hollow stem, also communicating with the 
stomach. 

Glass II. — Actinozoa {Sea- Anemones and Coral Polyps). 

Oeneral Characters of ActinoEoani. — The Actinia or sea- 

anemone is the type of this class, the different kinds lOf 
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Actiniatis and coral polype haviDg the same general shape 

and structure. 

Tlic common Actinia of our coast {Metridium margina- 
tum, Fig. 2!4) is to bo found between tide-marks on rucks 
under sea-woeds, or in tidal pools, but grows moat luxuri- 
antly on the piles of bridges. It readily lives in aquaria, 
where its habits may bo studied. An aquarium may be 
improvised by using a preserve-jiir or glass globe, covering 



Fio. U.—Common Sea-ADemaTin. Hatunl size, with the teuUcles expaaded. 
After Emertou. 

tho bottom with sand, with a large flat stone for the at- 
tachment of the sea-anemone. By ]iliicingagreen sea- weed 
attached to a stone in the jar, and filling it with eca-water, 
the animal may be kept alive a long time. 



After observing tlic movemenlB of the crown of tenlaclea as tliey 
are thrust out nr withdrawn, and tlie eye-spolsnt Ihe base of some of 
the tenlacles, sped mens may be killed expanded by Ihe gradual iutro- 
duction of fresh wHter, or by plunging iliem inio picric acid. They 
ehoiild Uiea l>e tiaasfeired to the siroDgest iilcohol, and allowed t 
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Boak in it for two or three days until lljelissues become hard enough 
to cut well. TlJt-n vertical ami trunsverse sectioDB may be made with 
a sharp knife. Tlie Ural fact to ob erve is, Hint an allnieiilary canal 
is much more ch'arly indicated than in Ihe. Ilydriaoa, tlieru l)eiQgadis. 
linct digestive sue, seituratu from tlie boily-wiills. liaii},'ing suspended 
from the moutli -opening, and held in place by six partitions (meten- 
Uriea), wbieh divide Ihu iwdycavitj into a number of chambers. 
The digcstivesacisDnt closed, but is open at llie bottotnof the body, 
connecting directly with the charabere, so Ibat llie chyme, or prod. 
uct of digestion, passus down to the floor of the body, and then into 
each of the cliainbers. On the free tAgfis of lUe shorter mesenteries, 
which do not extend nut to tlie stomach, there is a mass of long coiled 
filaments, the mesenterial fliiiments (Fig. 30. er), which contain lasso- 
cells. In dissecting ihe sua-anemone these mesenterial filaments are 
always more or less in the way, and have to be carefully removed bo 
as to expose thu ovaries and adjoining parts. They press out of the 
mouth and eineliiiet {ei, small openings tliroiigh the body-walls), not 
always present, and end of the tenta- 
cles, and thus come in contact with 
animals forming their fond. The fig- 
ure shows at the base of the body the 
free edges of the mesenteries (m) of 
diflerent heiglits, with the spnces be- 
tween them through whicli the chyme 
passes into the body-cavity. For the 
complete passiige of the circulating 
fluid the six primary mesenteries are 
perforated by a la:^ orifice (op) more 
or leas oval or kidney-shaped in out- 
line (Fig. SO). The digestive sac is di- 
vided into two divisions, the throat 

and stomach proper, the latter when Pia. so.— partly dlBgrnmmatic 
the animal is contracted being much -'--■-'• "• ■■-- 
shorteued, and with the walla verti- 
cally folded, as seen in the cut. sentarles or septa- o ovarv- ci 
In the tentacles are lodged the lasso- dnclides:' cr. meeen'teriarQta^ 
cells, and the tentacles are hollow, Sro^h Se tlpt^ ''^' '^'^^ 
communicating direet'y with a cbsm- 

ber or space between the mesenteries, and are open at the end. When 
a passing shrimp, small fish, or worm comes in contact with these 
tentacles, the lasso-threads are thrown out, the victim is paralyzed, 
other tentacles assist in dragging it into the distensible mouth, where 
it is partly digested, anil the process is completed in the scconil or 
tower diviaioa of the digestive canal. The bones, shells, or liaid 



coTeriDg of tbe aDimftla wbicli rany be swallowed bj Ihe Actinia am 
rejected from tbe moutb Bft«r the soft parts are digested. 

Sea-anemones have been found to have a slight sense of 
Bmell. Nearly all eea-anemonea, besides arising from eggs, 
increase by bnddiiig, new individtiale arising at or near the 
base of tlie lai^ one. 

The coral polyps only differ from the sea-anemones in 
secreting a limestone support or coral-stock. Coi-aUare 
either cup-shaped and single, or are compound, forming 



Fio. tl.— Coral polrp (Attroidet raltrculdna) eipaoded. FTom Latken'a 
Zooiogy. 

branching or rounded masses. The soft parts are supported 
by limestone partitions secreted in the chambers of tbe 
polyp. 

All Actinozoang develop from eggs, and at first appear 
OS little oval, ciliiited, froe-awimming embryos (gastrvlts), 
which eventnally become attached to the bottom of the 
sea. 

Before the embryo becomes fixed and the tentacles arii^e, 
the lime destined to form the partitions begins to be de- 
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posited. Fig. 32, 0, shows the twelve rudimentary parti- 
tions. These, after the young polyp has become stationary, 
finally enlarge and become joined to the external walls of 
the coral now in course of formation (Fig. 32, C), form- 
ing a groundwork or pedestal on which the polyp rests. 
D represents the young polyp resting on the limestone jied- 
ostal, with the tentacles well developed, 

Bnt little is positively known as to the rate of growth of 
corals. A common brain coral [Mteandrina labyrinthica), 
measuring a foot in diameter and four inches thick id the 
most coBTez part, attained its growth ia twenty years. 



Fio. K.— Development o[ a coral polyp, Attrotdft eah 



Ivealarii. A. cil 



To the order of alcyonoid corals, which have but eight 
tentacles, belong the "sea-fans," "sea-pens," etc. In the 
family of sea-fans {Oorgonidm) the coral-stock is horny 
or calcareous, branching tree-like, or forming a flat net- 
work. Qorgonia fiabellum is red or yellow, and abundant 
OQ the Florida reefs. In the Arctic seas and the deeper, 
colder waters of the Newfoundland Banks and St. George's 
Banks, Prinmoa reseda iind Paragorgia arborea grow; the 
latter being of great size, the stem as thick through as oae'a 
wrist, aud the whole corallum over five feet in height, 
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The common red coial {Corallium rubrum) of the Med- 
iteiTiiDeHQ Sea is worked iuto rurious ornaments. The 
coral fishery is pursued on 
the coiists of Algiers and Tu- 
nis, where asEcmble in the 
winter and spring from two 
hundred to three hundred 
veBsels. The coral fishermen, 
with large rude nets, break 
off the coral from tlie sub- 
merged rocks. About half 
n million dollars' worth of 
coral is annually gathered. 

Of the larger corals the 
Madreporaria in the main 
are the true I'eef-builders. 
They are confined to waters 
in which through the coldest 
winter months the tcnipei'a- 
ture of the water does not 
fall below 08" F., though 
usually the ivaters are much 
warmer than this, the mean 
annual temperature -being 
about IH" F. in the North 
Pacific and 70° F. in the 
South. Coral reefs are abun- 
dant in the West Indies, but 
still more so in the Central 
Pacific, whoie there are a 
much greatei- number of spe- 
cies of coimIs. Along the 
Brazilian coast, as far south 
as Cape Frio, are coral reefs. 
In depth living coral-reef- 
builders do not extend more than fifteen or twenty fathoms 
below the surface. 
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Coral reefs are diyided by Dana into outer or barrier 
rcolB (Fig. 33) and inner reefs. The bariier reefs are 



formed from the giowth of corals exposed to the open 
seaa, while the inner or fringing reefs (Fi^. 33) are formecl 
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in qaiet water between a barrier reef and the iBliind. Ah 
coial reefa are asaallj built upon isluiidB which are slow* 
ly sinking, barrier reefs are simply ancient fringing reefs 
formed wlien tlie island etood higher above the soa, hence 
they are built up as rupidly as the land sinks, and thus the 
top of the reef keeps ut the level of the sco. The reefs are 
often of great thickness, for, as Dana says, "conid .e raise 
one of tliese coral-bound islands f lom tlie waves, we should 
find that the reefs stand upon the submarine slopes, like 
massy stnicLures of artificial masonry; some forming a 
broad flat {ilatfurm or shelf ranging aronnd the land, and 
others euciicliiig itliko vast ramparts, perhaps a hundred 
miles or more in circuit." Darwin has estimated that some 
reefs in the Pacific Ocean are at least 2000 feet in thickness. 
Thus far we hare spoken of reefs surrounding moun- 
tainous islands; coral islands or aiolls (Fig, 34, A) resemble 
such reefa, except that they sun-ound a lake or lagoon in- 
stead of a high it^land, the coral island itself being seldom 
more than ten or twelve teet above the sea, and usually 
supporting a growth of cocoanut ti'ees, while the sea may 
be of great dejith very near the outer edge of the atoll, 
which " usually seems to stand as if stilted up in a fathom- 
less sea" (Dana). These reefs and atolls are formed and 
raised above the sea by the action of the winds and waves, 
in breaking up the living corals, comminuting it, and form- 
ing, with the debris of shells and other limeatone-secreting 
animals and plants, banks or deposits of coral mixed with 
a chalky limestone, aa the base of the reef. When it rises 
above the waves, cocoanuts and other seeds are caught and 
washed up on the top, and gradually the itrland becomes 
large enough to support a few human lieings. The Ber- 
mudas are the remnants of a single atoll, and are situated 
farther from the equator than any other reefs. Most bar- 
rier reefs and coral ielunda or atolls are formed in an area 
of subsidence, where the bottom of the ocean is gradually 
sinking; Ibis accounts for the peculiar form and great 
thickness of many reefs. On the other hand, the coral 



COUAL RBBF8. 38 

reefs of the Weat Indies are, generally epealiing, in an area 
of elevation. 

A section of a coral reef is shown by Fig. 34, B: « is the 
point where the shore slopes rapidly down within the la- 
goon (which itea to the right), and m is wliere the reef sud- 
denly descends toward the open ocean. Between b c and 
d e lies the higher part of the reef. The shore toward the 
lagoon slopes away regularly from d to n; while toward the 
open ocean there is a broad horizontal terrace {a to b c) 
whicii becomes uncovered at low water. 

The theoiy of the formation of barrier reefs is shown by 
the diagram (Fig. 35). The island, for example, the vol- 
canic island Coro, which is slowly sinking, at the ancient 
eea-level lis suiTounded by a fringing reef //, a small 
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Flff' &5. — Schematii: section of an ialuid wiUi reefa. 

rock-ten"ace at the former level of the sea. Where the 
island has sunk tc the level of the water-line II, the reef 
appears at tlio surface as at i' f, b f. There is now a 
fringing imd a barrier reef, with a narrow canal between 
them; b' is a section of the barrier reef, e' ot the canal or 
lagoon, and f of the fringing reef. After a farther sub- 
mergence to the sea-level III, the canal e" becomes much 
wider. On one side {//) the reef is present, on the other 
side it has disappeai'cd, owing to the agency of ocean-cur- 
rents. Finally, at the water-level IV, there are two small 
islands surrounded by a wide lagoon, with two reef-islets 
»"'", t'"', resting npon two submarine peaks. The coral 
reef has now grown to great dimensions, and covered almost 
the entire original island, and though the reef-bnilding 
coral polyps cannot live below a point fifteen or twenty 
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fathoms belov the surface, jet owing to the slow einking 
of the island, they build up the reef as rapidly as the 
former eabsides, and in this way after many centuries a 
coral reef sometimes two thousand feet thick may be built 
np in mid-ocean. 

Without doubt ocean currents modify the forms of coral 
islands and reefs, and have much to do with their arrange- 
ment and diBtributiou. 

Class III.— Ctehophoba {Comi-bearers). 
General Characters of Cteoophorei. — These beautiful ani- 
mals derive their name from llie vertical rows of comb-like 
paddles (cteuophores), situated on meridional bands of 
muscles which sene as locomotive organs. Their digestive 
tract passes through the body, with two posterior outlets. 

Our commonest example of this class is the Pleurobrachia 
rhododacyla. It is a beautiful animated ball of transpa- 
rent jelly moving through the water by 
means of eight rows of minute paddles, 
throwing out from a sac on each side of 
the body two long ciliated tentacles. It 
is abundant in autumn; sometimes thou- 
sands may be seen stranded on the shore 
at low water. 

In Bnlinn alala the body is plainly bi- 

laternl and the water- vascular tubes are 

y, very distinct. In Idyia roseola {Fig. 36) 

Fio. 38.— wjn'i Ttm- the mouth is large, theetomach wide, and 

olo, natiirftl ftlie. ,,,,.,,., , i 

a. itn&i opening; b. the body ]B of a^i intense roseate hue. 
curarcanfti; '/V./, Thjs beautifnl species after death, late 
B.*,rowB paddles, j^^ gummcr, is Very phosphorescent; all 

Cteuophores, however, even their eggs and embryos, ai-e 

phosphorescent. 
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CHAPTER rV. 

Bbanch IV.- -Echinodermata {8tar-fish, Sea-urchins, 

8ea- cucumbers, etc. 

6E3IEBAI, Chasactzbs OF EcHDroDEBiis.— We now come 
to animals of much more complicuted sttuclure than unj 
of the foregoing branclios, iiiid in which the radiated ar- 
rangement of the parts of the body is in most cases as 
marked as the jointed or ringed structure of worms or 
insects; for not only are the body-walls of the star fish or 
sea-urchin, or even many of the Uulothnrians (though lers 
plainly), divided into five wedgc-ahajied portions, or pro- 
duced into five arms as in the common star-fish or five- 
finger, but the nervous system, the reproductive organs, 
the blood and water-vasculur systems, and the locomotive 
organs, are usually arranged in accordance with the star- 
like form of the body. The most trcnclianC character which 
separates the Echiuoderms from the Ccelenterates, and 
allies them to the worms, is the genuine tube-like digestive 
canal which lies free in the body-eavit,y, and may be sev- 
eral or many times the length of the body. 

The student can gala a correct Idea of the geneml stnieture of Uie 
Ecliiiiixicrnis from a careful exiiniinikiioii of Uie common siar-HBli 
{A'laitu vulgai-u), wlilcb is llie most common and acccmible Ecliiuo- 
derm to be fouuil on tbe New England sliores. After pliicing-a slur- 
flsli in Brimu eeu-wuter tind noticing its motions, tlie thrusting out of 
tbe ambuliicrMl feet or suctera by wliicii it pulls or warps lis clumay 
body over ttie mussel-beds, or rocks, or weeds, tbe arms being copa- 
Weof sligbtly bending; after obaerviug the red eye spot at tbe end 
of eocb arm or raj, and tbemovemenlsof tlie numerous spines wblcb 
are allached by a sort of ball-and-socliet joint lo Llie calcareous frume- 
work of tbe body-walls, and exsmiuing the movements of cerliiia 
modified spiues culled ptdie^laiia. wliicb are pincer-like bodies situ- 
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Bled amoDg Ibe spines, tlie student irill be ready to Btudy tlie external 
and iDtern&l anatomy. 

First, as to the calcareoiw framework of the slar-flsh. In order 
to study tliis, a transverse section should be made tlirougli an arm, 
and a vertical one througU the body and along tbe middle or a single 
arm, and Anally Ihe animal sbnutd be divided into two bulves, an 
upper and lower. It vrlll tbeu be seen Lbet the calcareous frame- 
work or so-called skeleton consists of a great number of limestone 
plates or pieces attaclied by a tough membrane and covered by th[> 
skin. Between tbe plates are amiill apertures by which the water 
enters tlie liody-cavity. These plates are arranged so as to give the 
greatest strenglli and ligbtnesa to tlm body. There is also to be seen 
au orul (nnder) side od which the mouth is situated, and an aboral 
(upper) side. Ench arm or my is deeply channelled by the "ambu- 
lacral furrow" con taiuiug Tour rows of suckers or "aiuhulucral feet,' 
which are tentacle-like piotrusiona of the skin growing out ilirough 




rio, ST.— LoDglCudliwl section through thi 
tn, mouth > alomaih I lobeolBtoi 
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Altrrini wiigajit. 
ending tnto the ana; o. anus: 
lascular ring, seudiiLR a radl&l 

be'unbulacrftl [eet pro^Unx 



orifices In the ambulacral plates, and are a continuaiion of the 
waler-sacs or " ampullee" within. The " madreporic plate" is a fliit 
lened hemispherical body situated on tbe disk between two of the 
arms. It is perforated by canals. 

We are now re»dy to examine tbe internal organs and to study 
their relations to one another and to the body-walls. Tbe nervous 
system may be seen without dissection. By closely examining Ihe 
mouth a penlagonal ring is seen surrounding it, each angle slightly 
enlarging and sending off n nervous cord to the eye at the end of the 
Tay. It may be discovered by pressing apart the iimbulacral feet 
along the median line of eiich arm. Fine nerves are sent off to each 
sucker, passing through the opening between the calcareous plates 
and extending to each ampulla, thus controlling the movements of 
the suckers. The visible nerves belong to a n ervous subcutaneous sheet. 

The mouth (Fig. 87, m) is capacious, opening by a short oesophagus 
bto a capacious stomach (Fig. 37, *) with lliin distensible walla, and 
sending a long lobe or sac (Fig. 37, [) into the base of each arm: 



BTBVCTUnS OF BTAtt-MSS. 



each sac la bouod down by two retractor muscles attached to tbe 
median ridge lying between (he two rows of water-aocs (ampulite, tee 
also Fig. 38). Tlie sloniacli ends in a short intestine, tbe limits be- 
tween Uie two Dot distinctly seen, Tbe intestine suddenly coDtrscta 
and cods in a minulc rectum situated iu an angle between two of 
Ave Qeshy ridges radiating from tlie centre of the disk. Appended 
to the intestine ara the "craca" or " liver" (Pig. 87, b), consisting of 
two long, tree-like masses formed of dense branches of from four to 
six pear shaped follicles, connecting by a short duct with the main 






— DIsKram a[ tbe water-gyBtcm of A etarf 
e-canal: e, drcmnoral water-Cube; d, radial 



Stem. The two main ducts unite to form a short common opening 
into the intestine. The cteca are usually dark, livid green, and 
secrete a bitter digestive fluid, representing probably tbe bile of the 
higher animals. 

The ovaries (Fig. 37, o) arc long racemose bodies lying along each 
side of the interior ot tlie arms, and tlie eggs are said to pass out by 
short narrow ovidiict (i>b) through an opening lielween two plates on 
each side of the base of the arms, the opening being small and diffi- 
cult to delect. 

Tbe water-Tascular syatcm consists of the madreporic body, the 
"Btone*canBl"(Fig. 37, Oi tbering orcircnmoral canal (or), and the ra- 
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dial vessels (e) ending in the water-sacs (nm) and ambulscrat feet. Tho 
fllone-canal begins at the outer and underside or ilie sieve-like niadra* 
poric body, passing directly forward 
and downward in a sinuous course 
to the underside of the circumonil 
plates. Tbe madreporic body (mS) 
is exlemally seen to be perforated 
by liuenr aperlures nidinting and 
subdividing toward llie pvriplicry. 
The aco-nuiiT in part cnlera llie 
\ body-cavity lliiiiugli tlie fissures in 
IIm miidreporic liody, wliile most of - 
It enters the stone-cuiial, which Is il 
slender iul)e sc.rcely one fourlii the 
diameter of llio entire madn-poric 
body, Tlie wiiter entering tbe stone- 
caual (Fi);. 37. pnsscs directly into 
tbe water-vasciiiur riiig(Flg. 87)aLd 
then into the ten Foiiim vesicles and 
the five mdiiil caniils. whence it is 
conveyed to each watiT-sac or am- 
pulla (Fig. 38, t; compiire also Fig. 
87). Tiiese pear-shaped Tater-sacs, 
when contracteil, me supposed to 
press tbe water into tlie long slender 
suckers or atnbulncral feet, which are 
distended, elongated, and by a suck- 
er-Uke arrnngement at llie end of the 

n.- u m „, a. Ill prehensile fool act in coiiiiinctlon 

Flc. 89— Encrinu* or Stone Illy. ' . , , , .. , 

with the otiicra lu wiirp orpuJI Ihe 
star-flsh along. Besides locomotion, the orobulacral feet serve for 
respiration and perception. The atar-flsb bos the sense of smell. 

It wi)i thus Ik seen that tijc water- vascular system in the star-fisb 
is in its functions partly respiratory and partly locomotive, while it 
is in connection with the vascnlar system, and thus partly aids in 
circulating the lilooil and chyle. There is, besideH, n complicated 
system of true blood-vessels, which are, however, difficult to dis- 



Class I. — Crinoidea ISlone-HUeit, Encrinile/t, eic). 

Oeneral Characters of Crinoida — These are striked slnr- 
fiahea, the Btalk or stem heing jointed. Most Griiioids uie 
extinot or fossil; such is the Stono-lily {Fig. 39). 

(If 
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CLAB8B8 OF EcBraODERUATA. 

1. Body mounted oa a Btalk Crinoidea. 

2. Bod; with five arms; free Atteroidea. 

8. Body spliericul, wilk lung apiues Echinoidea. 

4 Body elongated ; skio soft, liardeued by miuu t« plutos. HolothuToidM, 



Fni. HX— a, I^ntaerimu camti-mrdtMB, halt natural dzei b, cal3'x-dUK ssen 
- Irom above, natural size. 

The existing Orinoids live in veiy deep water. Penta- 
crinus eaput-mediism (Fig. 40) lives attached to rocks ia 
the West Indies; otiiors live in the Atlantic Ocean, some- 
times at the great depth oC nearly three miles. A free 
Orinoid (^Antedon, Fig. 41) lives in rather ehallpw water, 




Fio. n.—Anttdcn, stalked and free. 

attached to rocks; stalked when youDg, it eventually bo- 
comeB free. 

Glass IL — Astbbotdba. 
General Characters of Star-asheB.— The star-fishes in- 
clude the snake- or sand-star {Fig. 43), and the common 
five-fingor, Astertas vulgaris {Fig, 43). This and the allied 
varieties are abundant on mussel and oyster beds, being 
very injurious to the latter, 
which serve them as food. 
The star-fish projects its 
capacioQB stomach between 
the open valves of the oy- 
ster, and sucks in the soft 
! parts, in this way doing 
much damage to the oyster- 
beds of the Bonthern coa^t 
of Kew England. 

All etar-fishes grow from 

eggs. After swimming 

d-Btw. Ifaturaldxe. ^^^^^^ ^ ^ jjttjg ciliated 

sack {gaatrula), arms grow out, and it appears much as in 
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METAMORPHOSiS OF BTAR-FI8IL 43 

The young or larva has now both BideB of the body alike. 
At this time two lobes arise from each side of the mouth. 
These separate from their attachment and form two dis- 
tinct holloH' cavities, and by the time ihe larva attains what 
is called the Brachiolaria stage, the development of the 
body of the star-fish begine, for these two cavities snbse- 
qaently develop into two water-tabes. On one of these 
cavities the back of the star-fish is afterward developed, 
while on the other the under side with the feet or tentacles 



arise. The fully-grown larva is called a brachiolaria, as it 
was originally described with this name nnder the impres- 
sion that it was an adult animal. Fig. 45 showa the young 
star-fish growing in the posterior end of the ];iiv;i or young, 
whose body it Js now beginning to absorb; finally, the larva 
body disappears. At this time the star-fish is still minute, 
conical disk-shaped, with a crenulated edge. In this con- 
dition it remains probably two or three years before the 
arms lengthen and the adult form is assumed. 
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Class III. — Eceinoidea {Sea-urcAhis). 

General CharacterB of Sea-ITioliina. — A good idea of tlio 
general atractnre of Bea-urcltinB may be obtained by an ex- 
amination of the common sea-archin, Echinus (Fig. 46), 




no. it -The common Sea-urchin. SMAiut drdhaiAlmeit. d. framework ot 
month and teeth m-n hi troat: c, the same wn nidewayB; a, b, side and ei- 
t«rn«l view ol a slcftlu tooth ^framidt; all natural alxe. 



THE SBA-VBCSINS. BEA-CVCUMBBRS, ETQ 4fl 

of the easteru coast of the United States, Northern Earope, 
aDil the Arctic Seas. It is commoa among rocks, ranging 
from low-water mark to fifty or moro fathoms. It eats sea- 
weeds, and is also u scaven- 
ger, feeding on doad flsli, 
etc We have observed great 
numbers of tliem assembled 
in large groups, feeding on 
fish offu), a few fathoms be- 
low the surface, in a harbor 
on the coast of Labrador, 
where fishing vessels were 
anchored. 

On placing an Echinus in 
sea-water the movements of 

the animal, eBpecially' its fio. 4t —£MinanifhnitM parmo, com- 
mode of drawing itself along """a^d^ike. N«u™irf». 
by its numerous long tentacles, and how it covers itself by 
drawing together bits of sea-weed and gravel, may he ob- 
served. It has button-shaped organs of sniell and taste. 

The shell consists of five double rows of limestone pieces 
called amhulacral plains, which are perforated for the exit 
of the teutiicles or feet, which are like those of star-fish. 
There are also fivo double rowa oi tnteravtbulacral plates, 
to which the spines are attached. The sand-cake urchin 
(Fig. 47) is very flat, with minute spines. 

010.88 IV.— HoLOTHDROiDEA (Seo-^sucumderB, Trepang). 

General Charaotera of HolothnrlanB. — We now come to 
Echinoderms in which the body is usually long, cylindii- 
cal, with a tendency to become worm-like. The skin is 
not solid, and is muscular. Around the mouth are situated 
the ten branched gills, while the feet are arranged in five 
rows along the body. 

The trejtang or beche-le-mer (Hololhuria edulis) is col- 
lected in the Moluccas and Australian seas, and when dried 



IB sold for sonps in Chinese markets. Oar nattve com- 
monest species is Pentacta frondosa (Fig. 48). 



Fia. 48.— Oonuncai Sea-cucumber, with Uie giUi oenrl; expanded. After Em- 
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CHAPTER V. 

Branch V. — Vermes {Worms). 

OebzEAL CH&IUCTEBS 07 WOBXa.— Ill order to obtain 
an idea of worms in general the utudeut may dig up in tlie 
garden or fields a common earth-worm, and then place it on 
the table or desk in a flat dish and watch its movemente 



Fio. 49.— TransrerBe section through the body of the earth-worm (Luni&rtoM ler- 
re»lri»l. near the middle of the Intestine- a. cuiide; b. hvpodermla: c, oircu- 
lu- layor or musclOH: d. layer of lant{ltudlnBl muscles: e. dorsal baaH : /. tcd- 
tral band ; g. lateral bands; A, typhlosole; i. cavity of inteBtlne; f. epithelium 
of inl«s(lne; k. layer of circular- muscular llbrea around intestine; I. layer of 

face of iuCesCiae; n. heart; o. liver; ng. nerroua gangllun Aiter OaparMe. 

and appearance. The body will be seen to be formed of 
nnmerouB joints or segments; these are due to infold* 
ings of the mnsonlar skin at regular intervals. Though 
both endq of the long;, slender, cylindrical body ar? mncb 
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alike, the obseiTer will Boon be able 
todistlDguiah the licad-end from the 
tail-end; lie will also notice that both 
sides of llie body repeat each other, 
and that tlieie is an upper (dorsal) 
and lower (ventral) side, the worm 
lying oil the latter side. The stu- 
dent will now be able to understand 
the following short deCnition of the 
branch of worms, to which there 
are some exceptions, which need not, 
howeviT, bo here mentioned. A 
typical worm is bilateral, with a well- 
marked dorsal and ventral aide and 
a head-end and tail-end, with the 
body divided into segments. 
By dissecting the body and tracing 

Fto.»,-"B™ln"iin(Sp»rtof .^- ,, ,f ■ . i . 

thenerTouaDrKanKUooBted With needles the internal anatomy, 
h«?Q?^rfl^^"of'^n^ and also by erose-Eectioiis of the 
d''m;«>ph^'*'™iS^: body, the following relations of the 
rjTii! JS^'^BK^Biia oJtbe most inTportant internal Organs will 
ii'i'eiv-^''i^S™oflI«ir' ^^ observed. The digestive tract 
mentiMnro-threartHorcoin- 1%) jg a slender tubc lying frce in 

mlwurea. From Brooks, at- ^' . , ., , T 7- , 

terLukester the body-cavitv, and extending irom 

the mouth to the vent. Above it 

^ lies a long delicate, pulsating tube 

|i| called the dorsal vessel or heart. 

HP T The brain is small, and is situated 

in the upper part of the head, while 

behind the throat on the floor of the 

body lies the main nervous system, 

a double white cord with swellings 

called ganglia (Fig. 50), one for 

nearly each segment. A worm may 

u or may not have eyes: some kinds of 

pio^^— piiuiarta (oraii, en- worms have them scattered all over 

uMunJ dM. ^Im^ ^ ^ the body; otbere have eyes both ia 

>og[c 
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the head and tail; muny wonns bave eare. All worma 
grow from e^ga, and muny have a free swimming embryo 
entirely unlike the parent worm, thus passing through a 

"metamoi'phosJB." 

CliABBBB O? VERUBa. 

1. Body flat, often not segmeDteiJ PbUgh^minthet. 

2. Body round, thread-like Jfematelminlhen, 

3. Botly microscopic, moviag by two ciliiil«d llupit. .Botatoria. 

4. Body minute, in a solid cell PiAynoa. 

5. Shell-worms, attached hyaatalk, viil\nv:oi%Tat&..Braehiopoda. 

6. Body rounded, or ribbon-like, with a proboscis.... AiwMrtfea. 

7. Body jointed, with feelers, eyes, aud gills Aamilata. 



Class I. — ^Platthblhintseb [Flat-wortm, Fluke^orms, 
Tajie-worms, etc.)- 

General Cbaraeten of flat-worms. — The commonest ex- 

am[>]e of this cluss is a small dark flat-worm which may be 
found ill any pond on the under side of sticks or stones. 
This flat-worm is called Planaria torva (Fig. 51). It is 
about 7 mm. (i in.) in length, oblong, flat:, with two black 
eye-spots, each with an oblong whitish space in front Its 
body is covered with microscopic hairs (cilia), enabling it 
to move easily in the water. These worms have a rudi- 
mentary brain, from which pass backwards twoslender ner- 
vous- tli read a, which do not have nervous swellings, as in 
the earth-worm. The digestive canal is also much branched. 
Besides these organs all the worms of this class have a so- 
called water- vascular system, somewhat like that of Echino- 
derms. These systems consist of two main tubes which 
branch thronghont the body. Many if not most Plana- 
rians or free flat-worms have nettling organs somewhat like 
the lasBo-cclla of jelly-flehes, except that the rods are eburt 
afad stiff, and are not known to be barbed. 

Uany flat- worms live as parasites in the bodies of other 
ftaimale. They differ from ordinary Flanariane in not be- 

oogle 
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ing ciliated, vhile there is a large sucker on the uuder aide 
of the body. These are called fluke-worms. Fasciola he- 
patica (Fig. 53) lives iu the liver of the eheep, causing the 
disease known as " rot." It is most abundant in the spring, 
several hundred occurring in the livei' of a single sheep. 
At this timu It passes into the intestine, and thence is car- 
ried out with the excrement. Tiie eggs or flukes iu many 
cases drop into pools, ditches, or |>onds; 
here the ciliated young is liberated, and 
soon the cilise aie absorbed, when it be- 
comes inert, and probably ?oon afterward 
enters the body of a pond snail {LimnisuK), 
where it transforms into a large sac, iiiid 
develops new larvse in its interior. This 
eac-Iike lurva is called a '■ nnrse," or, when 
more highly developed, a "redia." The 
progeny of ihe redia is termed a "cerca- 
ria." The cercarise ore tadpolo-like, and 
are restless, migrating from the bodies of 
their snail-boat, and have been known in a 
few instances to penetrate the skin of hu- 
man beings. They are probably more nsn- 
ally swallowed by ahcep and cattle while 
Pio.oa.-Jh»doio*e- drinking or grazing, when t-nail-shells may 
olbrancheinuLfr be accidentally swallowed. From the di- 
*"**■ geative canal of sheep, etc., the cercaria 

penetrates into the liver, where it probably loses its tail 
and becomes encysted, after many weeks or even mouths 
becoming a mature fluke-worm. From the liver it passes 
out through the liver-ducts into the intestine, and ia finally 
expelled, thus completing its cycle of life. 

The tape-worms represent the order of Cestodes. They 

are large parasitic worms, with no mouth or digestive tract; 

the joints are very numerous, sometimes over a thousand 

■"n number. 

The common human tape-worm, Ttania solium, varies 
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from ten to thirty feet in length; there are upward of 
eight hundred joints in a worm 

ten feet long. The head ends flSB 

ill a proboscia armed with a ^HH^ 

doable crown of hooks; the W" 

first proglottis or sexnalJy ma- T^ 

tare segmeot begins at the VH 

450th. While in some persons ^^ 

the presence of a tape-worm is ^BR 

simply an annoyance, in oer- VBV 

Tons and irritable persons it ^^m 

caoses restlessness, nndae anx- H 

iety, and Tarioos dyspeptic JH 

symptoms. Among the pre- ^f 

veutive remedies against tape- 
worms is the disnse of raw or 
and erdoue pork, and "measly" 
pork — I.C., the flesh of swine 
containing the little bhiddcr- 
like resides. Gysticerci, or 
young tape - worms, can be 
readily dis tinguishcd, bdtwhen 
tlioronghly cooked are harm- 
less, as the temperature of 
boilinj; water is safficient to 
kill tliem. As a matter of 
course, in the ase of dmgs to 
expel a tape- worm they should 
be pushed so as to carry oS the 
entire animal, as new segments 
grow ont from near tlie head 
as rapidly as the joints are de- 
tached. 

The history of the hnman 
tape-worm, Tania solium {Fig- Fio. M,-r«ni« »ifu«. v>ibm\sb», 
53), is as follows: The eggs -j;;^ti.ebe^m-.gnia«i. strobu. 
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eaten by the hog are deTcloped in ite body into the larral 
tape-worm (called in this Hpeciea Cyaticercna celluhsce. Pig. 
64). The head with ite suckers ia formed, and the body 
becomes flask-shaped; the Cysticerci tlien 
bury themselTes in the liver or the flesh of 
pork, and are transferred living in uncooked 
pork to the intestines of man. The body 
now elongates and new joints arise behind 
the bead until the form of the tape-worm is 
attained, as in Fig. 53. 

The hinder joints 1hon become fliled with 

eggs and break off, becoming independent 

joints compartibJe with Ihe "parent-nurses" 

of the Cercarias, except that they are not 

contained in the body of the Taenia {ns in 

''%?■ o?u^ the Cercaria), but are sot free. The iude- 

Tapo-wonn, pendent joint is called a "proglottis." It 

escapes from the alimentary tract of its humiin host, and 

the egg8 set free, in and about privies, are swallowed by 

that unclean animal, the pig, and the cycle of generations 



Class II. — Nematelminthes {Round- or Tltread-wonna). 

General Characters of Bonnd-worma. — In these worms the 
body is ronnd and thread-like, not being jointed. Many 
are parasitic: such are the Asearids. 

The ronnd-worm most dangerous to human life is the 
Trichina npiralis (Fig. 55). It ia very minute, the female 
being 3mm. inlength, and the male worm half as long. The 
female is capable of producing a thousand young. The 
eggs are eaten by rats, dead rats are sometimes devoured by 
pigs, and pork tlma infested when eaten by man, either 
raw or partly cooked, often causes the death of their hu- 
man host. 

The hair-worms {Gordius aquaticus. Fig. 66) resemble a 
piece of a horse's hair, and are so-called because they are 



Tns ttoTtmna. 



popalarly supposed ta be " a horse-liair come to life." They 
occur tied up in a " Gordiau knot" at the bottom of pools. 




They live ae parasites in the bodies of graashoppers, crick- 
ets, beetles, etc. 

Class III. — Eotatokia {Rotifers). 

General Characters of Aotifers. — The Rotifers, or wheel- 
animalcules, are abunduiit in standing wat«r, in damp 
moss, etc., and in the oconn, and are so transparent that 
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their internal organs can readily be seen tlirough the skin, 
while they are so minute, being from one fortieth to three 
hundredths of an inch iu length (f to f mm.), that high 
pofl'ers of. the microBcope are needed in studying them. 
They are of special interest from the fact that after being 
dried for montlia to such a degree that little if any moist- 
ure ia left in tlie body, they may be revived and become 
active. Professor Owen has observed the revivification o( 
a Kotifer after having been kept for four years in dry 
sand. 

Their body ia often broad and flat, divided into a few 
segmouts of unequal aize. They perform their rapid move- 
ments by means of two ciliated flaps, one on each side of 
the head, and which in motion resemble wheels, whence 
their name, wheel -animalcules. By means of the rotatory 
movements of tlie hairs on the edges of the flaps the micro- 
scopic Rotifer is whirled rapidly around. 

Class IV. — Poltzoa {Moss Animals). 

General Characters of the Folyzoans.— Tlie Polyzoa, 
though nob usually met with in fresh water, are among 
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the coaiinoiiest objects of the sea-shore. They are minute, 
almost microscopic creatures, social, growing in communi- 
ties of cells, forming patches 
on sea-weeds and stones (Fig. 
58, Membranipora solida). Cer- 
taiu deep-water species grow in 
coral-like forma (Fig. 59, Myrio- 
zoum subgracile), wliile the chit- 
inous or horny Polyzoa are often 
mistaken for sea-weeds on the 
one hand, and Seitulaiiiin Hy- 
droids on the other. 

The animiils inhabiting the 
microscopic cells are worm-like 
creatures (Fig. 60), with the di- 
gestive canal bent on itself and 
ending near the mouth, tiie lat- 
ter surrounded, as in the larger 
fresh-water species (Fig. 60, br), 
with a horseshoe-slmped crown, ^ 
or in the smaller marine forms '"™i3~'',!^f!)??f.'!??=5 
a circle of slender ciliated ten- 
tacles. The fresh-water forma 
{Plumatella, etc.) secrete no 
solid shell, and are either moss- 
like, or form large rounded 
masses of a jelly-like sabstauco. 

Class V.— Brachiopoda {Lamp Shells). 

Qeneial diaracters of Braohiopods. — This group is named 

Brachiopoda, from the feet-like arms, fringed with tenta- 
cles, coiled up within the shell, and witich correspond to 
the horseshoe -shaped crown of the Polyzoa and the crown 
of tentacles of the SabelJa-like worms. From the fact that 
the animal secretes a true biTulved, solid shell, though it 
is usually inequiTalve, i.e., the valves of difiEerent sizes, tb« 
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BracAiopoda were generally, and Rtil) are by some anthorB, 
considered to be uulliisks, though aberrant in type Tlie 
shell of our common northern species, TerebratuUna sep- 
lentrionalis (Fig. 61), which liyea attached to rocks in fion; 
ten to fifty or more futhoms north of Gape God, is in shape 
somewhat like an ancient Roman lamp, the npper and 
larger valve being perforated at the base for the paEsnge 
through it of apedancle by which the animal is attached 
to rocks. The shell is secreted by the skin, and is com- 
posed of carboniite {TerebratuUna) or largely {Lingula, 
Fig. 62) of phosphate of lime. It is really the thickened 



Fn. <(.— TeTebretullii& or lanipFbell. Upper, uid side view, natunU die. 
From Emertou. ■{[«■ Morse. 

skin of the animal, the so-called mantle being the inner 
portion of the skin. 

The Brachiopods may be briefly described as shelled 
worms, with a limestone or partly cliitinous, inequiralTC, 
hinged or unhinged shell, enclosing the worm-like animal; 
wilh two spirally coiled arms provided with dense ciliated 
tentacles, and capable of reaching to or beyond the edge of 
the gaping phell; the alimentary canal has the mouth open- 
ing between the arms; there is an cesophagns, a stomach wilh 
a liver-miiss on each side, imd a short intestine ending in a 
blind sac. The nervous system consists of a ganglion above 
and beneath the cesophngna, and two lateral ventral widely 
separated threads. There are no eyes in the adult, but they 
are present in the young; auditory sacs are present in Lin- 
gula. There is no circulatory system. The germ passes 
through a morula and gastrula stage, becoming a segmented 
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ciliated larrs like that of the tme vorma, which after swim- 
ming about finallj becomea fixed by a stalk to rocks. 

While in their deTelopment the Brachiopods recall the 
lame of the tme worms, they reBemble the adult worms in 
the general arrangement of the arms and viscera, though 
they lack the highly developed nervouB sjBtem of the Anne- 
lids, as well as a vaacular system, while the body is not 
jointed. On the other hand they are closely related to the 
Polyzoa, and it seems probable that the Brachiopods and 
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Folyzoa were derived from common low vermian ancestors, 
while the tme Annelids probably sprang independently 
from a higher ancestry. They are also a generalized type, 
having some mollnscan features, such as a hivalved shell, 
though having nothing homologous with the foot, the shell- 
gland or odontophorc of mollusks. 

The class of Brachiopods is a very ancient one, nearly 
SOOO species of fossil Brachiopods being known. One living 
species of Lingula (Fig. 63) differs but slightly from the 
most ancient fossil species. It lives buried in the sand, 
wh§re it forms a tube of sand around the stalk, just below 
low-water mark, extending from Chesapeake Bay to Florida. 
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Class VI. — ^K'shebtina {Netnerlean Worms). 

Geaeral Chaiacteri of Nemerteans. — The Nemertean 
wonne occur abundantly under stones, etc., between tide- 
marks and below low-water mark; thej are of varioiiB col- 
ors, dull red, dull green and yellowish, and are distinguished 
by the soft, very extensile, more or less flattened, long and 
slender body, which is soft and ciliated over the surface, 
the akin being thick and glandular. 

The mouth forms a small slit on the ventral surface ira- 
mediately behind the aperture for the exit of a large pro- 
boscis. The oesophagus leads to a large digestive tract, 
which often has short lateral pouches or cceca. 

The uervous system is quite simple, consisting of two 
ganglia in the head united by a double commissure; from 
each ganglion a thread composed of nerve-fibres and gan- 
glion-cells passes back to the end of the body. 



CLAsa VII. — Annulata (Leeches, Ear/k-woifiis, and Sea- 
worms).* 

General CharaoterB of the Annulates. — This group, rep- 
resented by the leeches, earth-worms, and nereids or bris- 
tled sea-worms, tops the series of the classes of worms. 
With their regularly segmented bodies, their eyes and ears 
and complicated appendages, they stand nearer the Crus- 
tacea and Insects than any other class of invertebrate ani- 
mals, their internal anatomy on the whole being nearly or 
quite as complicated. 



* Claaa Bnteropneu»la and Clnss Gephyrea are small groups of 
worma, which are described in the author h larger Zoology. Tbey 
may be omitwd in an elementaiy course for want of space. 
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In the leech, which is tliG type of the first and lower 
order, the body is eomewhat flattened and divided into 
numerous short, indistinctly marked segments, not bear- 
ing any bristles or appendages. The head ia small, with no 
appcndagesj bearing five pairs of simple eyes, while each 
end of the body terminates in a sucker. The mouth is 
armed internally with three teeth arranged in a triradJal 
manner (Fig. 66, /'), bo that the wound made in the flesh of 
persons to whom 1 he leech isapplird cousisis of three short, 
deep gashes nidiaiing from a common centre. Our com- 
mon poud leech {Macrobdella decora, Figs. 64, 65) is of a 
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rich deep olive color above, and orange red on the und«r 
side. It is four inches in length. Another common pond 
leech is Nephelis, of which we have aevei-al epecies. 

The eggs of leeclies are laid in sacs, or, as in Clepsine 
(Fig. 63), the fieh-leech, are covered with a transparent 
fluid substance, which harJens and envelops the eggs. The 
Ctepsine remains over the eggs to protect them until they 
haicli; and the young fix themselves to the under side of 
the parent, and are thus borne about until they are fully 
developed and able to provide for themselves. 
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The common earth-worm (Fig. 66) is cjlindricat and 
many-jointed. The small mouth opens on the under side 
of the first segment. The earth-worm is able to climb per- 
pendicnlarl; up boards or the sides of buildings bj minute, 




h, natural slae. o. a tooth ; t 



short, curved bristles, which are deeply inserted in the mus- 
cular walls of the body, and arranged in two double rows 
along each side of the body (Fig. 49s). In burrowing it 
thi-usts the pharynx into the end of the head, causing it to 
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swell out, and thus push the enrth sway on all sides, while 
it also swallows the dirt, which passes througii t)ie digestive 
canal. In this way it may descend from three to eight 
feet in the eoil. 

While earth-worms are in the main beneficial, fj-om their 
habit of boring in the soil of gardens anil ploughed lands, 
bringing the subsoil to the surface and allowing the air to 
get to the roots of plants, they ocuasionally injure young 
seedling cabbage, lettuce, beets, etc., drawing them during 
the night into their holes, or uprooting them. 

Sarth-worms lay their eggs in Juue and July, at night. 



c( the 70U 
prlmithej 

The eggs of the European Lumhricus rubellus are laid in 
dung, a single egg in a capsule; L. agricola lays numerous 
egg-capsules, each containing sometimes as many as fifty 
eggs, though only three or four live to develop. The de- 
velopment of the earth-worm is like that of the leech, the 
, germ passing though a number of stages, the worm, when 
hatching, resembling the parent, except that the body is 
shorter and with a much less number of segments. 

The sea-worms have larger, more distinct bristles, as in 
Clymenella (Fig. 67), which lives in tubes in soft mud. 
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Onr commonoBt sea-worm, eometimes called the "elam- 
■worm" is Nereis virens (Fig. 68). It liyeB between tide- 
marks in holes in the mud, and can be readily obtained. 
The body, after the head, eyes, tentacles, and bristle-bear- 
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ing feet have been carefully etndied, can bo opened along 
the back by a pair of fine Bciasora and the dorsal and ven- 
tral red blood-vessels with their connecting branches ob- 
Berred, as well as the alimentary canal and the nervous 
eystem. 
This Torm is very voracious, thrusting ont its pharynx 



-TruiBTerM section throuKh the bnd; nr n Nereis, d, doraal vessel en 
iml, from Emerton. 



heart; e*. circular hlood-TesGpl ; ft, Teiitral veaiv] ; n . re rvoua cord or gangl 
ling foot*"; i. IntestlDe; i. sette or bristles After Tui 



and seizing its prey with its two large pharyngeal teeth. 
It secretes a viscid fluid lining its hole, up which it moves, 
pushing iteelf along by its bristles. At night it leaves 
its hole, swimming on the enrface of the water. 

_ l;.C.OOg[c 



The body consists of from one hnndred to two hnndred 
Begments. The head consiBts of two segments, the first 



. Fia ^—Amphitrite enata, nMoral Ome. 

with four eyea and two pairs of tentacles. The second Beg- 
ment bears four tentacles. Each of the other 
segments bears a pair of paddle-like append- 
ages, which maybe best studied bypxamiiiing 
one of the middle segments {Fig, 68). 

In certain kimls, as Euchone (Fig. 69), the 
gills form a beautiful feathery crown on tJic p^ „ -ciiiaiwi 
head; while in Amphitrile (Fig. 70) the ion- IjJ™, °,'^ "^5: 
tacles are very nnmerons, and the bushy rod ''<^>- 
gills grow out by their side. Some seatworms are beauti- 
fully phosphorescent. The young of all sea-worms (Fig. 
71) are ciliated, and swim on the surface of the sea. 



CHAPTER Vt 

Branch VI. — Mollhsoa. 

OZTTSAL Chasaotzbb 07 HOLLTTBU.— In these animala 
the body ia Boft, and usually protected by a shell which is 
secreted by the skin or " mantle," but the body is not seg- 
ment«d as in worms. They hare a so-called "foot" or 
creeping disk, and the month is often armed with a ribbon- 
like hand provided with sharp teeth called the "lingual 
ribbon.'' The heart is more like that of vertebrates than 
any ot the foregoing animals, conBistiug of a ventricle and 
either one or two auricles. The nervous system is very 
simple, consisting of three pairs of nerve-centres or ganglia 
and thread-like nerves. There are abont 30,000 living 
ftnd 19,000 extinct species of moUusks known, 

CUIBBBB OF MOLLUSCA. 

L Shell bfvalved LameHibranchiata. 

S. Shell univalve Oephali)fAora. 

2. TJaually no sliell, 8-10 arms. Cephalopoda. 

Class I. — Lahetj.ibranchiata {Acepkala, Bivalves, 
Clam, Oyster, etc.). 

General Characters of Lamellibranch& — The headless 
mollusks arfl represented by the oyster, clam, mussel, 
quohog, scallop, etc. By a study of the common clam 
{^Mya arenarta) one can obtain a fair idea of the anatomy 
of the entire class. 

Tbe clam to entirely protected by a pair of solid Iimest4)ne sfaellB, 
coDuected bj & binge, coDBiatlDg ot a large tooth (id most bivalves 
UieiB are iLrec teeth) and ligament (Fig. 73, C h). The ahellB are 
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PiD. n.—^, IfiraarennHa with Ks^hoo* extended; In Its natural position In 
(be mud hsad-and downward''; B, transi-prs" section of Ihe sbell of Onio, 
BhowlnKthe pmltloii ol Chu Kprliig opsninR the sbell; M. wlductot muBcle; 
the lle&meat represented by (lie dark nrnwi: C, section of Mya, showing ttie 
posltloa of thespriDic to oiwii the shell; L. Iliament; D. iniDsverse spctloo 
ol Unfo <ft(t*r Brooks); ab. visceral masa; a. auricles; v, ventricle; i. Intes- 
tine: 1. glandular part ot kidney; z. non-glandnlar part at kldoe;; v, slniu 
venosus; ig, loner, eg, ouier, gills; nt, mantle. ,^ I . 
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equivalTe, or with both ralvei alike, but aot equilateral, one end (the 
anterior) being distinguishable from the other or posterior, the clam 
burrowing into the mud by the aoterinr end, that coDt^niog the 
mouth of tlie mallusk. The hinge is situated directly over the heart, 
and ia therefore doraal or htemal. On the interior of the shells are 
the two round " muscular impressions" made by ttie two adductor 
inuBcles and the "pallia! impression," parallel to the edge of the 
shell, made by the thickened edge of the mantle. On carefully open- 
ing the shell, by dividing the two adductor muscle)', and laying the 
animal on one side in a dissecting trough filled witli water, and re- 
moving the upper valve, the mantle or body-walls will be disclosed; 
the edge is much thickened, while within, the manlle where it covers 
the elliptical rounded body la very thin. The so-called black head, 
or siphon, is divided by a partition into two tubes, the upper, or 




that on the hinge or dorsal side, being eicurrent; the lower and 
larger beInK incurrenl — a current of sea-water laden with minute 
forms of lile passing into it. Each orifice is surrounded with a circle 
of short tentacles. This siphon protrudes tLrou>rb a slit in the man- 
tle-edge, and is very extensible, as seen in Fig, 7S, J ; it is extended, 
when the clam la undisturbed, from near tbe bottom of its hole to 
the level of tbe sea-bottom. In llie freali-wiUfr mussel ( TJnio, Fig. 73) 
the two aip)ionnl openings are above the level of the sandy bottom 
of the water, nben t)ic mussel is ploughing its way through tbe sand 
with its tongue -si I aped foot, which is a muscular organ attached to tbe 
body mass. In llie fiiot is an orifice for the passage in and out of 
water, but tbe spurting of water from the clam's hole, observed in 
walkingovertlie flats, is the stream UiusejectedfromUieatphon. The 
inflowing currents of water pass from tbe inner end of the muscular 
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eipliOD bt'lom llic lenticular body-moas to the mouih, which is situ- 
ated al llie aiituLior end of the shell, uppiisiti! the aiphon. The open- 
ing is. simple, uoiirmed, iriihout lips, and often diffi- 
cult to detect. On each side of the mouth is a pair 
of flat, narrow-poluted appendugcs called palpi. Tlie g 
digestive canal passes tliruugh u diirk rounded mass, 
mostly consisting of the liver, covered externally by ; ,-i 
tlie ovarian masses. The mouth haa uo leelli. Bud the > ' 
ffisophitgua leads to a tubular Kloiniicli and iiitesline, \ I 

the latter looaely coiled several limes uaii ilieu pussing Y\a. 74.— Heart 
Btriiight backwards along the liorsul side under the °\ **"* ."^f".": 
binge aud directly through Ihe Tuzjtricle of the a', (uiri<:Jesj 
heart, ending posteriorly opposite the excunent di- S'hbI'*'" " 
vision of the aiphon. Through tlie body passes a 
curious slender cartilaginous nxl, whose use ia unltnown, unless it 
be to support the vulumiuoua viscera. The gills or branchite are 
four large, broad, leaf-like folds of the mantle, two on a side, hang. 



Tia. 7B.— Crlrcalatorv SFstem of Anodimtn. a fresh-waler a 

.. .^„-.., -i ■■ -od 15, veiDB wliicli (oU™ the ho 

i in part directly towards Iha c 
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kidnejor "oiBan of &., , ....__ ,,__ 

surface of this oi^oD ; 5. veioa vbicb carry Liack the blood from ttao ^Ub. the 
rest going to the sinus, fl. where arise the biancliial arteries; 7, B, the bran- 
chiikr>eiiia,aad9,thegill; IS. the loot. 

iDg down and coviiing each side of the body (Pig, 72, D, o). The 
heart (Fig. 74) is contained in a delicate sac, called ihe pericardiwn, 
and ia situated Immediately under the hinge; it consists of a ven- 
tricle and two auricles; the former is easily recognized l>y the 
passage through it of the Intestine (Fig. 72, D, v), usually col- 
ored dark, and by its pulsations. The two wing-like auricles are 
broad, somewhat trapezoidal la fonit. Just bejiind the r^tricle la 

niglc 



the so-called "aortic bulb." Tlie &rteritil eystem is quite compU- 
caMd. as is llie eystem of venous siQuaes, which cnn be beat eludicd 
iu carefully injected sp«cimi;ns. At ttv base of tbe gilta, however, 




Flo, ?<!.— Mervoui Britem of Che clam, natural size. a. (Eeophaoeal nnf-UoD; b, 
commissure anterior to the mouth; e, pedal commlasure; d, pedal ganglia; 
<. parlelo-gplaDchnlc commissures^ /. parieto-Bplanchnlc ganglia; g, brancnial 
nerveB; A. I. paUlaJ nerves; i, Blphonal nerves; t, anal nerres; m, nerves to 
the anterior adductor muscle. 

is tliepairof large collective branchial veins. The kidney, or "organ 
ot Bojaaus," Is a large dusky glandular mass (Fig. 75, 'ying below 
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but next to the heart; ODe end is secretory, communtcattDg wilh the 
peiicardiol cavity, 'while tiie other is excretory and opeDS ioio tba 
cavity of the body. 

The nervous Hyaiem can be, with care and patience, worked out in 
the dam or fresh- water mussel. Id the clam {Mya arenariii, Fig, 76) 
it consisla of lliree pairs of small ganglia, one above (tbe '* brain") 
and one below [be cesopliagua (tlio pedal gaugliu) connected by a 
commissure, tbua forming an lEaophageal ring; and at the middle of 
ilie mantle, near tbe base nf tbe gills, is a tbird pair of ganglia 
(parieto-spl an clinic), from which nerves are sent to the gills and to 
each division of tbe siphon. This last pair of ganglia cm be usually 
fuund with ease, without dissection, especially after the clam has 
been hardened In alcoliol. The ear of the clam Is situated in the so- 
called foot; it lieara tbe name of oiocyit, and is connected with a 



Tia.ll.—UytHattdvliM.etnamon mossel. with ita alphoiu eipaudnd, and an- 
chored bj Us byesua, 

nerve sent off from the pedal ganglion. It is a little white body 
found by laying open tbe fleshy foot through the middle. Micro- 
scopic examination shows that it is a sac lined by an epithelium, 
resting on a tliin nervous layer supported by an exiernHl coat of 
connective tissue. From Uie epithelium spring long hairs; the sac 
contains fluid and a large otolith. The structure of this otocyst 
may be considered typical for Invertebrates. 

Tbe ovaries or testes, as the sex of the clam may be, are bilaterally 
symmetrical, blended with the wall of the vi-ceral or liver-mass, 
and are yellowish. The openings for the exit of the eggs lie near 
the base of the foot. 

In the oyKter the two eliclls are unlike, the lower ehell 
being usuallj larger than the upper. A eingle oyater may 
produce over a million yonng. In sii hours after develop- 
ment begins, the ciliated germ swima about in the water. 

OOglf 



When -^ mm. (^ inch) in diameter it becomes fixed to s 
rock, and ut the end of a year is capable of hroediog. Oj- 



B, ilactra (.litdijUa) laten 

stcra get their full growth Dy the second or third year, 
Thoy breed from Julyto September, 



fia. re.— Tbe Bbip-worm, nUunU size. I. siphons; p, pallets; c,<»llar;(.aheU; 

/.(oot. 

The muBsel (Fig. 77) has a smaU foot, with a gland for 
secreting a bundle of threads, the lyssus, by meana of 
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Thicli it is anchored to tlie bottom. The foot in the quo- 
hog (Fig. 78, A, Venus merceaaria; 78, B, Mulinia) is 
largo. 

The ship-Torm (Fig. 79) belongs to this class. The body 
is slender and worm-like. The shell is minute, the soft 
snimal living in a burrow lined with limestone. This ani- 
mal deyelopa like other mollusks; the young (Fig. 80, B) 
having two equal shells inclosing the body, and swimming 
by its ciliated velum or sail (v). After the foot (Fig. 80,/) 
• is well developed it seeks the piles of wharves and floating 




fia. BJ.— Devplftpi . „.„ 

it. tbeveliger enclosed by 
laj^ toot if) twd relum (v). 

wood, into which it bores and completes its metamorphosis. 
On the coast of New England the ship-worm lays eggs in 
May and probably through the summer. 

Cla.88 IL — Cbphalophoea. {Whelks, Snails, etc.). 
General Characters of Cephalophorea. — We now come to 

Mollusks with a head bearing eyes and tentacles; but the . 
bilateral symmetry of the body, bo well marked in the 
clam, etc., is now in part lost, the animal living in a spiral 
shell. Still the foot and head are alike on both sides of the 
body; while the foot forms a large creeping flat disk by 
which the snail glides over the surface of leaves, etc. 
Moreover, thesemolluskshave, besides two teeth, a "lingual 
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ribbon," Familiar examples of the class arc the sea-snails, 
the sea-slugs, and the genuine air-breathing snails and 
slugs. 
In the shell-less or Ifudibranch moUusks, such as the 




FlS. Bl — .£V)lit, I 



.EoHs and Doris and allied forms, the gills are arranged in 
bunches on the back, as seen in Fig. 81, ^olis pilata, a 
common species on the coaet of New England. lu Doris 
(Fig. 83) (liey are confined to a circle of pinnate gills on 
the hinder part of the back. 




u elo3e>, a commaD p 



d-snall. showlDS lU 




The air-breathing mollusks {Pulmonata) are represented 
bjf the pond-snails, Pkysa (Fig. 83) and Limnmus (Fig. 
84), and the land-Bnails and slugs. Fig. 85 represents 
a slug s\ispendcd by a slimy thread from a twig. 
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The comtnon snail. Helix aliolabris, is a type of the air- 
breatliing moHuGlcs. Fig. 86 lepreseiits this snuil of natu- 
ral size, in its shell. The opening to the lung is seen at a, 
and at B is represented the heart and lung of the garden 
slug (Idmax flavHs). 

The eggs of the [lond-snails are luid in transparent cap- 
sules attached to submerged leaves, etc. . _ — . 

Those of Physa heterostropha are laid in 
the early spring, nnd three or four weeks 
later from fifty to sixty ombijos with 
well-formed shells may be found in the 
capsule. 

The eggs of Limnmxis are laid laic in 
the spring in capsules containing one or 
two eggs, and surrounded by a mass of 
jelly. 

Land-snails and slugs hiy their e^s 
loose under damp leaves and stones, and Fia. g9.~Biuc:; umutbi 
development is direct, tlie yonng snail 
hatching in the form of the adult. 

Various shells, such aa Marginella, Turbinella, etc., ara 



ze; B, the heut and lung. 



strung in bracelets and armlets by savages. Cypraa mo- 
neta, the cowry (Fig. 87)» is used for money, and other 
Bbells are worked into various shapes for wampum or abg- 



riginal money. Murex and Purpura afford the Tyrian 
dje. 
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Class IIL — Cephalopoda {Cuttle-fish, Squid). 

General Charscten of Geplialopodi.-— In these mollusks 
(Fig. 88) the head in front of the eyes ie divided into arms 
usually provided with anckers; the eyea are large, and nearly 
lis perfect as in fiahea. The brain is largo, and with the 
other important nervous ganglia lodged in the head and 
protected by piecea of cai-tilage. The mouth-cavity (phar- 
ynx) ia armed with two teeth like a par- 
rot's beak, besides a lingual ribbon (Fig. 
89), The body ia supported by a horny 
"pen" (Pig. 90). 

The Oephalopods aie divided into two 
orders. The&ist order {Tetrabranc?iiata) 
have four gills within the mantle; such 
is the Nautilus (Fig. 91, N. pompilius). 
The second order, DibrancMata, is so 
called from having but two gills. The 
Octopods (Fig. 92) have eight arma, and 
{.he sqnid or cuttle-fish have ten. The 
largest known squid is ArckitetitAis 
princeps (Pig. 93); the body of the 
specimen here figured measured nine 



Pte. M.— Part of liDKual ribbon of 
Lolig-> Harlingii; much en- 
Urged. 



and a half feet from the tip of the tail to the buse of the 
arms, and was seven feet in circumference. The longer 
arms were thirty feet in length. Ordinary squids are 
about a foot long. 
The paper nautilus {Argonauta argo) has s besntiful. 
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thin crnmpled shell. It InhabitB deep water from 70 to 100 
miles off the coast of southern New England. The sni- 



Pio. n.— Ttie Noutdlua, iriUi il 



Fio. ai.— Octopus, from BmlL 



mal liTea in the ehell, but is not permanently attached to 
it, the shell not being chambered, like that of the Ifaatilus. 



CSPSALOPODS. >n 

The animal holds on to the sides of its shell b; the so-called 
"sails" or broad thin ends of two of its arms, which se- 
crete the shell. 



Tia. 91.— Qiuit Squid, reduced In stze. After VerrllL From Emertan. 
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CHAPTER Vlt 
Branch YII. — Abthbopoda (Crustaceans, Insects, etc.). 

aziTEBAL CHAHACTEBS OF ASTHHOFOSS.— To tMB group 
belong those eegmented animals which have jointed append- 
ages, i.e., anteoDEe, jawB, maxillae (or accesaoiy jawe), palpi, 
and legs arranged in pairs, the two halves of the hody thus 
being more plaiuly symmetrical than in the lower animsla. 
The skin is usually hardened by the deposition of salta, 
mostly carbonate of lime, and of a peculiar organic sub- 
stance called chiiine. The segments or rings composing 
the body are usually limited in number, there being usually 
twenty in the Crustaceans and seventeen or eighteen in most 
insects, though in the Myriopods there may be as many as 
two hundred. The bead ia naually distinct from the body, 
with one (insects) or two (Crustacea) pairs of feelers (an- 
tennse), from two to four pairs of biting mouth-parts or 
jaws, and two compound eyes (except in the spiders, etc.), 
besides simple eyes. Most Arthropods pass through a series 
of changes of form called a metamorphosis; the young of the 
butterfly being called a caterpillar or larva, the succeeding 
stage a pupa or chrysalis, and the mature stage the imago. 

Clabses op Abtbropoda. 
Class 1. A head-thorax and abdo- 

mcD; two pairs of anleunie; breath- 
ing by external gills Ont»iaua : lobster, crab. 

Claas 2. Body with few or many seg- 

meota \ no antennte, all tbe ap- 

penda^ like legs; with gills PoAontomata: king crab, trilobltea, 

ClaM 8. Body worm-like, tracheate, 

with two antcnnie ; fleshy legs 

armed with claws Malaeopoda: Pcripatus. 

Class 4. Body many - segmented, 

many - footed, tracheate; with a 

pair of anlennte Myriopoda : centipede. 

Class 0. Body in two regions; noan- 

tennEe,fourpftirsotlegB; tracheale. JratiSniiia; spider, scorpion. 
Class 6. Body divided into a head, 

thorax, and abdomen ; brealhing 

by interoal airtubes; with wings. /fweeto; beetle, butterfly. 
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CH88 L — Cbctstacea {WaieT-fieaa, Shrimps, Lobsters, 

and Crabs). 

Qeneral Character! of Crnstaoeans.— Tho tjpicAl forma 
of this class are the craw-fish, lobster, and crab, which the 
student should carefully esamine, as from them a general 
knowledge of the class, which variea greatly in form in the 
different orders, may be obtained. The following accoant 
of the lobster will serve quite aa well for the craw-fish, 
which abounds in the riycrs and streama of the Central and 
Western States. 

The lobster's bod; consists of BCgmentB, biz of wbicb In the abdo. 
men are seea to form a complete riug, beikring a pair of Jointed ap- 
pendages. Tlie abdameii cotiaistB of seven segmeutB. One of tlieee 
segments (Fig. 94, B') should be sep- 
aratud from Ilie otlicra by llie sludent, 
ia Older to observe the mode of inaei'- 
tion of llio legs. 'Each segmeDt be.ira 
but a single pair of appendages, and it 
la a general rule that iu the Arthropods 
each si'ement beara but a single pHir 
of appendases, Tlie abdominal fevt ^ „ „ ,„. , , . . 

■^',1 , 7. ■ . .. m no »6.— MandiWe of the lobWer. 

are called 'BWimmcrelS; tbey a™ HomarUa americanut: pat. 
narrow, slender, divided nt the eud palpus- 
iuti> two or tbrce lobes or portions, 

and are used for Bwimniirig, as well as in the female for cnrrying 
the eggs. The f rat pair are slender In the female (FJg. H £? ) and 
not divided, while in the male (Fig. M, Bs ) they are much larger, 
niid aid in reproduction. The Bixlh segment (Fig. U, ff) bears broad 
paddle-like appendages, wliile the seventh segment, forming Ihe end 
of the body and called the " lelson," tiears no appendages. It repre- 
sents the tergum alone of the segment. Turning now to the cepbalo- 
thorai, we see that there are two pairs of antennre, the smaller pair 
the most anterior; a pair of mandibles wiih a palpus, slluaied on 
each side of the moulh; three pairs of maKlllee or accesaory jaws, 
which are fl.tt, divided into tobca, and of unequal size; two pairs of 
font-jawB (maxlllipeiles), which difler from the maxillte in having 
gills like those in the five following pairs of legs.* There are tlius 

irale thene limbs liFaboiled lobster or craT-OBh, and 
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tliirtecn pairs of cepbalo-tboracic appeodsges, iDdicalbg that there 

are thirteen correspoodiug segDienU; these, nilli the eeveo abdoml- 
Dul eegmeiits, indicate tliat there are tweuty segments in a typical 
Crustacean. TLere is a pair of stulkvd movalile compound eyes. 
The ears are eituutcd in the Bmaller aiileuiiee (Fig, M, al). In the 
Becoodor larger anteonte are situated the openings oF the ducts (Pig. 
94, It) leading from the "green glands," while the ezlcrnal openings 
of the oviducts are situated, each on one of ihc third pair of thoracic 
feet. 

It is impossible, except by couutlog the appendages themselves, to 
ascertain with certaiuly the number of segmeuta in the cephalo- 
thorax, the dorsal portion of the segments being more or less obso- 
lete, but the carapace, orslik'ld of the iica<l-tb<>riix, may be seen, 
after close examination, to represent the second aotensal and xoan^ 




Flo. M. — ^, first mailUa of lobster; «i, endopodlte; bp, basIpDaite:JIa&. flabel- 
him. B, aecoDil ri ffTtn* ot tob8l«r: tip, buslpodite (eplgnatlius); acp, coio- 
podtte. 

dibular segmeots, and is so developed as to cover the other segments 
of the head-tborai, the dorsal portions of which are undeveloped 

To study tlie internal Btnicture of the lobEter, the dorsal 
sorface of the carapace and of eucli abdominal eegment 
should be removed; in so doing the soft inner layer of the 
integument is disclosed; it is usually filled with red pig- 
ment cells. The heart lies under the middle of the cara- 
pace; it is an irregular hexagonal mass surrounded by a 
thin membrane (pericardium) with six valvular openings 

Fio. M.— ^, carapace; e. eyes; r, rostrum: ni, first pair of aiitenntp; a', second 
nlr; fc. outlet of green gland; m, mandtble. andp, iinpulpun; nix. first max- 
fila: n*. second Duudlla; mp, ltr«[ maiilLipude; mp'. second maitlllpede; 
BUI*, third maiilllpede; with ep. epipodlin, and g. gill; i-d. flrat leg; B-Q. six 
afidomlnal KmaeoU; u, telson ; S , first pair abaoniinal legs of male; B , 
of female: if. ■ectlon of sbdomea. wltb en, Endopodlte; ex. ezopodliet b, 
baslpodite; 5, section of e;e; /, cornea; v, cones; e, rod; n, tuvnohiw of 
main uptk nerve. 
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for the ingresB of the venous blood. The colorless blood 
JB pamped by the heart backwards and forwarda throagh 
three anterior arteries, one median and two lateral, the 
median artery passing towards the liead over the large 
stomach, and the two lateral, or hepatic arteries, passing 
to the liver and stomach. From the posterior angle of the 
heart arise two arteries; the upper, a large median artery 
(ihe superior abdominal), passes along the back to the erd 
of the abdomen, sending off at intervals pairs of sm,.ll 
arteries to the liirge maeaea of muscles filling the abdomi- 
nal cavity; the lower is the second or sternal artery, which 
connects with one extending along tlie floor of the body 
near the thoracic ganglia of the nervous cord. There are 
no veins ench as are present in the Vertebrates, but a series 
of venous channels or sinuses, through which the blood re- 
turns to the heart. There is, however, a large vein in the 
middle of the ventral side of the body. 
The blood is driven by the heart through the arteries, and 



Fio. 97. — C, flrat maiUlipede of lobator. 

a liirge part of it, forced into the capillaries, is collected by 
the ventral venous sinus, and thence passing through the 
gills (Fig. 97, ffill), where it is oxygenated, returning to 
the heart. 

The gills are nppendages of the three pairs of maxilli- 
pedes and the five pairs of feet, and are contained in a 
chamber formed by the carapace; the sea-water passing into 
the cavity between the body and the free edge of the cara- 
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paco is afterwards scooped out through a large opening or 
paasiige on each side of the bead, by a membranous np- 
pendage of the leg, called the "gill-paddle" (Jiabellum, 
Fig. 99). 

The digeativo eystem conaiBts of a mouth, opening betvecn 
the mandiblos, an ce80]iliagus, a large, membmuons stom- 
ach, with very largo teeth for crushing the food within tlio 
large or cardiac portion, while the posterior or pyloric end 
forms a strainer through which tlie food presses into tlio 
long, straight intestine, which ends in \\\a telson. The 
liver ia very large, dai-lc 
green, with two ducts emp- 
tying on each side into tlio 
junction of the stomach 
with the intestine. 

The nervous system con- 
sists of a brain situated di- 
I rectly under the baeo of the 
rostrum (supra<£Boj)hagea] 
ganglion), from which a 
pair of optic nerves go to 
the two eyes, and a pair to 
each of the four antennse. 
The mouth-parts are sup- 
^B^icSiw plied with nerves from the 
infraossophageal ganglion, 
which, with the rest of the nervous system, lies in a lower 
plane than the brain. There are behind these two ganglia 
eleven others; the cephalo- thoracic portion of the cord is 
protected above by a fi-amework of solid processes, which 
forms, as it were, a "false-bottom" to the cephulo-thorax; 
this has to be carefulty removed before the nervous cord 
can be laid bare. A sympatliotic nerve arises on each 
side of the msophagua and distributes bi'anches to the 
stomach. 

The nerves of special sense are the optic and auditory 
nervca. The eyes are compound, namely, composed of 
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many simple eyes, each coneisting of a cornea and crystal- 
line cone, connected behind with a long, slender connective 
rod, uniting the cone with a spindle-shaped body resting 
on or against an expansion of a fibre of the optic nerve, 
and IB ensheathed by a retina or black pigment mass. 

The lobster's oars are seated in tlie base of the smaller 
or fiist antennsa; they may be detected by a clear, OTal 
space on the npper side; on laying this open, a large cap- 
snle will be discovered; inside of this capsnle is a project- 
ing ridge covered with fine hairs, each of which contains a 



Fio. (9. — B. thtrd maxllllpede; cscp, coiopodltej bp, baetpodlw; ip. Iscbiopodlte; 
mj>, meropodiW; cp. curpopodlw; pp, propodiie; dp, dacC^lopodl^e: c. an* 
tuutluulalemcrtiuli^ oloiopodlie or palpus^ Jiab, eplpoaite or flabvUum. 

minute brunch of the auditory nerve. The sac is filled 
with water, in whicli are suspended gi'ains of sand which 
find their way into the capsule. A wave of sound disturbs 
the gi'ains of sand, the vibrations uflcct the sensitive hairs, 
and thus the impression of a sound is telegraphed along 
the main auditory nerve to the brain. 

The fine hairs fringing the mouth-parts and legs are 
organs of touch. The sent of the sense of smell in the 
Crustacea is not yet known, but it must be well developed, 
W nearly ;dl Crustacea are scavengers, living on decaying 
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matter. Ciabs also have the power of Hnding their way 
back to tlieir original habitat wheu carried off even for 
several milcB, 

The lobster spawns from March till November; the 
yonng are hatclied with much of the form of tlie adult, not 
passing tlirougli a metamorphosis, as in most shrimps and 
crabs. Tliey swim near the surface iniiil about one inch 
lonjr, afterwards remaining nt or near the bottom. 

The lobster probably monlta but once aninnilly, during 
the warmer part of the year, after having nearly attained 
its matnrity, and when abont to moult, or cost its skin, the 
carapace s|^lits from its hind edge as far as the base of the 
rostrum or beak, where it is too solid to separate. The 
lobster then draws its body out of the rent in Ihe anterior 
part of the carapace. The claw — at this time soft, fleshy, 
and very watery — is drawn out thmngh the basal joint, 
which is partly absorbed to allow the fli'sh to pass through 
the joint In moulting, the stomach, with the solid teeth. 
is cast off with the old intognmeut. 

We will now study the orders of the crnstacea, beginning 
wilh the lowest. 

■ Orders or Crdctacka, 

Order 1. Large, fiied, body hid in 

tt thick sliell of sevewl pieces.. CTmpftiiii.' BBmscles. 
Order 3. Small, Hclive. witli free 

limba; some parapilic Bnlomottrara: Cyciopa, Flah-lice. 

Order 8. Shelled, with leaMike 

feet Branebiopoda: Brine Shrimp, elc. 

Order 4. Bodyflatorcompressed; 

notArapace Hs&aifoeapuiio.' Pill bug, Beach-fleas. 

Order S. Thoracic feet Icnflike; 

thorax covered by a carapace. . PhyOoforida : Neballa. 
Order 6. Bctdy partly covered 

with a large carapace; feet 

wltli glUa ,....,,....,. Tkoraeot^^aea ; ghrlmpa, Cra1p3. 
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Order 1. Cirripedia.—The barnacles would, at a first 
glance, hardly be regarded aB Ci-ustacea at all, so much 

modified is tLo form, owing to their fixed, parasitic mode 
of life. The barnacle is, as in the common sessile form 
(Fig. 100), a shell-like animul, the shell composed of bcy- 
eral pieces, with a conical moTabla lid, haying an opening 
through which several pairs of 
long, manj-jo luted, hairy ap- 
pendages are ihritst, thus cre- 
ating a current which sets in 
towards the mouth. The com- 
mon barnacle {Balanus ialanoi- 
des) abounds on every roeky 
I shore from extreme high-water 
mark to deep water, and the 
student can, by putting a group 
Fio. loa-A barnacle Baianv ^^ them in seawater, observe the 
j»r«.*«. natural Bize. opening and shutting of the 
valves and the movements of the hairy appendages. 

The metamorphosis of the barnacle is remarkable. After 
leaving the egg, it swims about as a minute NaupUus or 




Via. I01.-Haupllua of Bal- 
anut baianoideg^ Uaoh 
eularKed. 

larva (Fig. 101), with three pairs of legs. Finally the larva 
attaches itself by its antennce to some rock, and now a 
strange transformatioo follows. The body and legs (the 
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Dumborof legs having meanwhile increased, are enclosed 
by two aeta of valves, so that the animal uppeara as if bi- 
valved (Fig. 102), and at last the baruacle-shape is at- 
tained. 

Order 3. Entoinostraca (Water-flciis). — The type of this 
group is Cyclops (Fig. 103), in which the body is pear- 



fia. «B.— C^ilop*. e, eyo; A. heart; 
(g.efcga; /.teet, Hlgmr uug- 




shaped, with a single bright eye in the middle of the head; 
it has two pairs of antcniife, used for swimming as well as 
feelers; biting mouth- |mrtg, and abort legs. The females 
swim about with two egg-masses attuclied to the base of 
the abdomen. The youtig is a Nauplius, much like that 
represented in Fig. 113), the mouth-organs, the legs and 



abdominal segments arising after successive moults, until 
the adult form is attained. 

Many Entomostraca are parasitic, living on the gills of 
fishes, etc., and consequently undergo a reti'ograde devel- 
opment, losing the jointed structure of the body, the np- 
pend^es being more or less aborted, while the body in- 
ci'eases greatly in size. Such are the fish-lice, represented 



Fio 106 —Section tlirausli the thorax of Apiu: en, 1-S, the ali mdlteti; tx, ex- 
opodal or re«p[raCorj portion of thu linib [ormlng the flabelluin, fb; c, cars- 
pace; ht, heart; int, inl«aCinti; n0, nerroiu cord. 

by the Lemma of the cod (Fig. 104) or the fish-louse of the 
menhaden (Fig. 105). 

■ Order 3. Branchiopoda (Bivalved Crustacea). — All the 
Grustaceu hitliei'to mentioned breathe through their skin, 
having no gills; we now come to Crustacea whose body is 
protected by a rather thick shell or carapace, and which 
breathe by gills attached to the legs, or by broad gill-like 
expansions of the legs. In this order the number of seg- 
ments varies from about Vi to 60; and the shield or carapace 
mostly covers the legs. Fig. 106 represents a seclioii 
ihrongh the body of Apus; C is the cai'upace concealing 
Coi,;.|c 
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the body and feet; 1-6 are the six lobes of the legs, to the 
outer side of which ai'e attached the gill aud the broad ac- 
cessory gill-(/i). 
The simplest Branchiopods are bivalved, and are nsaally 



Flo. \<S1.—Liametii brtvifrmu. Much enlarged. 

loss than a tenth of an inch in length. They are called 

Ostracoda. 

Bather larger forms are the water-fleaa {Daphnia), which 

represent the sub-order Cladocera. 

Tlie most interesting siib-oi-dcr is the 

\ Phylhpodn. In Ihem (Fig. 107, Lim- 

I neiix) and EsthcHa (Fig. 108) the body 

r and legs are entirely concealed hy tlie 

large bivalve shell. In Apus {Fig. 109) 

no.io8.-aheiiofa(h«,„'""i LepiduruB (Fig. 110) the shield 

Ph'^H^wi " "^^^ is broad and flat, concealing bnt a 

part of tbe body. In Branchipus (Pig. 

Ill), which is common in roadside pools and in ponds in 

the cooler parts of the year, there is no carapace. The 

Phyllopods swim on their backs. Apus is remarkable for 

having 47 segments in all, and 60 pmrs of limbs; certain 

segments bearing as many as six pairs of limbs. All the 



PhyUopoda hatch in the form of a minute Nauplins (Pig. 
112), additioniil segments and limbs being acquired during 




Fis. tta.—ApmaqiiaHt. Natural Oxe. Eto. JIA—Lepfdiirui Couttfi, aldo 
ajid doraal yinir. Natural liat. 

sucoessive moults or olianges of skin. The brine shrimp 
(Fig. 113) resembles Branchipus, but is much smaller; it 




randiipjit vemali^ 



inhabits Great Salt Lake in Utah and other salt lakes in 
the West and in the Old World, as well aa tuba on railroad 
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bridges, where salt water has evaporated and become 
briny. 

Order 4. Teiradecapoda. — To this order belong the sow- 
bugs (Isoptida) and the beach-fleus {AmpMpoda). They 
htwe no carapace, but the head is small, bearing two purs 
of antenna, aud a pair of jaws, and three pairs of maxilln. 



Fia. lUi— Nftuplius ot BratuAU 
CM tlaanaXu. onC. l9t ao- 
isnoa: «ni' M antenna: md, 
inancllble;lb,uiiderllp. Much 



The thorax is continuous with the abdomen. They breathe 
by leaf-like gills, which are situated on the middle feet in 
the Amphipods, or on the hinder abdominal feet in the 
Isopods. The various species of Forcellio (sow-bug) live 
under stones on land; ^nd allied to Asellus, the water sow- 
bug, is the marine Limnoria (erebrana, which ia very In- 
jnriona to the piles of bridges, wharves, and any aubmorged 

■ ■ >og[c 



wood. The highest leopods are Idotesa, of which /. tVro- 
rattis is our most abundant specieB, being common in eel- 
grass, etc., between and just below tide-marks. While the 



Isopods are broad and flat, the Ampbipods are compressed, 
and the back is usually more or lesB arched. Snob is the 



Fia. la^S^iaUa Hpe>. Enlarged B UmeB. 

Gammarua, or beach -flea (Fig. 114), found in salt and fresh 
water. 

Order 5. Phyllocarida. — This group is represented by a 
little Ornstacean, with a compressed body, and bi-oad leaf- 

o;>lc 
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ne. 117.— ZoBaoI the oommoD Crab (Cancn-frroraliu). Kuoh mlargao. 
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like feet covered by the carapace. The Nebalia bipes (FigB. 
115, 116) occurs along onr coast. 

Order 6. Thvracostraca (ShrimpB, Lobsters, Crabs). — 
This order includes the Decapods, which have ten feet ^- 
ranged in five pairs, the first pair eiilu)ged, forming "nip- 
pers;" the head mid thorax are covered by a solid, thick 
carapace; while tlie giils are attached to the hinder maxil- 
lipedes and to the thoracic feet. The Decapods pass through 
a metamorpliosifl, the young being termed a zoea (Fig. 117). 



no. lis.— Oominan Hermit Crab. Katuralalie. After Hone, from Emerton. 

A cnriona creature is the hermit crab (Fig. 118, Bnpa- 
ffurus bernhardus; see also Fig. 19), which, selecting an 
.empty shell, thrusts its soft hind-body into it, and uses it 
as a protection — like Diogenes, carrying its house about 
with it. Small hermit crabs are abundant in little shells in 
tidal pools along our coast. 

In the crabs (Fig. 119) the abdomen is very small and 
folded to the under side of the head-thornx (cephalo- thorax). 
Shrimps and craba are Bcnsitiye to shocks and sounds. The 
sense of touch resides in the hairs on the month-parts. 



TBE SOSaSmOE CRAB. Q5 

Class II.— Podostouata (King-crab, Eurypteruh, and 
Trilobites), 

Order 1. Merostomata. — The only living repreBentatire 
of this ord^ is the horseshoe or king-crab (Liniulus Poly- 
phemus, Fig. 133), which ranges from Gasco Bay, Maine, 
to Florida and the West Indies. 
The bod; of the kiog-crali is very large, Eomelimee nearly tn'o 



flB. 119.— CominonSbor6<rab(Concer(m>ratii>). Katnral siie. From Eniert'.B 

ftet in length; itconBistaof a heaO cnmpoaed of six segments and 
QD abdomen with nine segments, the ninth (telson) forming a long 
spine. The licnd is broader iLan loog. io shape Bomewhnt like that 
of Apui, with a broad flat triangular fold on the under side. Abovb 
are two large lunate CoDipound eyes, near the middle of the head, 
but quite remote from each other, and two small compound eyes sit- 
uated close together near the front edge of the liead. There are no 
auteoDte, and the six pairs of appentlages are of uniform shape like 
legs, not like mandibles or nnaxiltfe, and are adapted for walkiog; 
the feet are provided with shaip teeth on the basal joint for retain- 



log the tooA, which the liorseshoe obtains by burrowing to the mud 
or gaud.' Tlie mouth is situated belweea tlie secoDd pur; the Brsi 
ptur of legs are smaller tliaa the others. All eod in two simple 



JTia. 131. — Section throogb tlie abdomen of Umulos, e, carapsee: k 
InlMClne; ng. ganglia (Itllering being the Bame m In S^g. IK 

Jointed eqrlopoSlle; ejr.ejilta? '"-' •"— ■■ — ' — •■- 

Ibe outer division (kj;) homol 
pod and Phyllocarldan 1^. 

ilawB (Fig. 130), except tl.'e sixth pair, which are armed with several 
spatulate appendages serving to prop the creature as It burrows iolo 
the mud. Appended to the abdomen are ali pairs of broad swim- 
ming feet (Tig. 131, et), of which all but the Qrst pair bear od the 
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under side a set of about one hundred rcBpIratory leftvee or plates. 
Into wliicli Ibe blood ia sent from Ihe heart, pasBing around the outer 
e<^ and reluming around the inner edge. 

In order to examine the internal anatomy the student can readlljr 
with a knife cut the body into transverse sections, as ia Figs. 120, 
121, and also divide it longitudinally so as to show the parts as in 
Pi):. 138. 

Tha alimentary canal consists of an cesopliagus, which rises 
directly over the mouth, a stomach lined with rows of large chiti- 
nouBteeili, with a large conical, Btopperlike valve projecting inio 
tlie posterior end of the body ; the intestine is sti-aight, ending in the 
base of the abdominal spine, Tlie liver ia very voluminous, ramify- 
ing throughout the leplialo thorax. The nervous system Is quite un- 
like ttiat of other Crustacea; the hialii is situated on tlie floor of the 
body in tlie same plane as the rest of the system, and Bends off two 




FlQ. 1!&— Horeeflhoe Orab. 



pdrs of nerves — a pair to eacli pair of eyes. The feet are all sup- 
plied with uervts from a thick nervous ring surrounding ibe (Bsoph- 
aguB. Tiie nerves to the six pairs of abdominal legs are sent ofl 
from the ventral cord, 

Tbe eggs of the horseshoe crab are rather large, and laid 
in'the sand between high and low water. Just before it 
batches it striliingly resembles a trilobite. After leaving 
the egg (Fig- 124) it swims about on its back or barrows in 
the sand; at first it has no tail-spine, tbia growing out at 
successive moults. In casting its shell the latter splits open 
in front, so that during tbe process it appears as if spewing 
itself ont. Specimens a foot long are probablj several 
years old. 

Order 2. TrihMia. — The members of this group are all 
extinct. The body has a thick dense skin like that of 



II 



m 
III 

tl 
i 



1^1 

•■'I 

Mi 
i-i 



_iv,Goog[c 



TUE TItlLOBJTES. 99 

Limulus, and is often varionsly ornamontcil with tuber- 
cles and epinea. The body is divided into three longi- 
tudinal lobea, the central situated over the region of the 
heart as in Limulus. The body diflei's from that of the 



Fro. 18*.— Young Hnrsfshos Crab. 
Nalural aize uid enluifed. 

horseshoe cralj in being divided into a true head consisting 
of siTi segments bearing joinled apiiondiigos, somewhat like 
those of the Merostomata, with from two to twenty-six dis- 
tinct thoracic segments (probably bearing short jointed 



Flo. IM.— Ksaloreli secUon of 

cott. c, uarapace; «i, endi ... ,..,._. 
podal or reepiralory part of the appendage. 

limbs not extending beyond the edge of the body). The 
abdomen consists of several (greatest number twenty-eight) 
coalesced segments, forming a solid portion (pj/gidium), 
sometimes ending in a spine. The larvid tf ilpbite (^Fig. 125) 
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waa like that of a king-crab, and after a nnmber of moults 
acqnh'ed its tlioiticic segtnenta, there being in moat of them 
a well-marked metamorphoBis. The Trilobites occur in 
the oldest fussiliferous rocks. Fig. 126 is an attempt by 
Mr. C. D. Walcott to represent a restoration of a croBS-soc- 
tion of a trilohite, ehowing the relations of the feet and 
gills to the body; the gills being spirally twisted filaments 
growing from the base of the legs. 

Inseota and othee aie-brbathing Aethrofoda. 

General ClLaractera of Insects. — In the insects the head 
is separated from the rest of the body, which is divided 
iuto three regions, the head, thorax, and hind-body (ab- 
domen); hence the name insect, from inseclum, cut into 
or divided. Insects breathe by internal air-tubea which 
open tlirougb breathing- holes (spiracles) in the aides of the 
body. The aix-footed insects also have two pairs of wings. 

Tlie number of body-segments in winged insects ia seven- 
teen or eighleen — i.e., four in the head, three in the thorai," 
and ten or eleven in the hind-body. In spiders and mites 
there are nsnally but two segments in the head, four in the 
thorax, and a varying number (not more than twelve) in 
the abdomen; iti Myriopods the number of segments varies 
greatly — i.e., from ten to two hundred. The appendages 
of the body are jointed. 

Of the winged insects there ai'c two types: first, those in 
which the jaws and miisillae are free, adapted for biting, 
as in the locust or grasshopper; and, second, those in which 
the jaws and maxillie are more or less modified to suck or 
lap up liquid food, as in the butterfly, bee, and bug. 

Kearly all insects undergo a metamorphosis, the young 
being called a larva (caterpillar, grub, maggot); the larva 
transforms iuto apupa (chrysalis), and the pupa into the 
adult (imago). 

In oi-der to obtain a knowledge of entomology, the b&- 
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giimer ehonld make a carefnl study of a locust or graeshop- 
per with the aid of the following deBoription; and after- 
ward rear from the egg a caterpillar and watch the different 
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steps in its metamorphosis into a pupa and adult. The 
knowledge tluia acquired will be worth more to the student 
than a volnme of descriptions. 
On tnnking a superficial examination of the locust (Catepteniu 

femu-r-mbrum). lie body will be seen to consist of an external cniBt. 
or thick, hard inlegumr'nt. protecting ihe soft parts within. This 
integument is at intervals segmented or jointed, Ilie segments more 
orless like rings. These segments are most simpleand easily compre- 
hended in the alHlomen or hind-body, which is composed of ten of 
lliem. On examining llie abdomen, it will be found that llje rings 
are quite perfect, and that each segment may be divided into an 
upper (tergal), a lateral (pleural), and an under (sternal) portion or 
arc (Pig. 137, -1). 

As these parts are less complicated in the abdomen, we will first 
study this region of the body, and then examine the more complex 
ilKirax and hend. Tlie abdomen is a little over half as long as the 
boily, the tergum extending far down on the side and merging into 
tlie pleunim without any suture or seam. The pteiinim Is indicated 
by the row of spiracles, which will be noticed further on. The 
sternum forms the ventral side of the abdomen, and meets the 
plcurum on the side of the body. 

In Ihe female (Fig, 127, B), the abdomen tnpers somewhat toward 
the end of the Ixidy. to which are appended the two pairs of stout, 
hooked spines, forming the ovipositor {Fig. 137, B, r, r"). The Tent 
is si1iinte<l above the upper and larger pair, and the external open- 
ing of the oviduct, which is situated between the smaller and lower 
pair of spines, nnd is bounded on the ventral side by a movable trl- 
angiilnr acute flap, tlie egg-guide (Frg, 127, B, eg). 

The thorax, as seen in Fig. 127, consists of three segments, called 
ttie proitiorax, mesothorax, and melathonix, or fore, middle, and 
hind 1 1 torn cic rings. They each bear a pair of legs, and the two 
hinder each a pair of wings. Tlie upper portion of the middle, and 
bind segments, owing to the presence of wings and the necessity of 
freedom of movement to the muaclca of flight, are divided or differ- 
entiated into two pieces, the ecuCu-m and »culell'im* (Fig. 137), the 
former tlie larger, eiteiidiag across the back, and the scutellum a 
Emallcr, central, shield like piece. The pronotum, or what is usually 
in the bookc called the prothorax, represenls either the scutum or 

" There are in many insects, as in ninny LepidopUra and Eymeriop- 
ttra and the Neuropt^ra, four tergal pieces, i.e., prsescutum, scutum, 
seutellum, and postscuteilurn, ilic tlrst and fourth pieces being usu- 
ally very small and often obsolete. 
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bolb scutum and ecutclluin, the two not being separatelf developed. 
The fore win^ me loug and narrnw, nod (Licker than Ibe liiuiliT, 
tvliicli are broad lliin, trod membninous, atid moat active ia fliglit, 
Deiog folded up like a fan wlien at TCBt and tucked away out of 
Bight uuder the furu wings, which act as wiug covers. 

TuraiDg uow to the aide of the txxly (Fig. 128), we see (bat the 
side of each of Ihe middle and hiuil thoracic rings is composeil of 
two pieces, the anterior, eputemuTn, resting on the Blernum. with 
the epimtrum behind it; UieBe pieces are vertically liigli and narrow, 
and to Uiem the leg is inserted by three pieces, culled respectively 
sota. troehantint, and t'-oehanUr(eee Fig. 138), Ibe 
latter forming a true joint of tbe leg. 

The legs consiat of five well-markvd Joints, the 

femur (tbigh), libia (sliank), and tartut (fool), the 

latter consisting in the locust of three joints, tbe 

, third bearing two large cluws with a pad between 

) them. Tbe bind h'gs, especially tbe femur and 

tibia, are very large, adapted for bopping. 

7be sternum is broad and large in the middle 

and hind Ihoraz, but small and obscurely limittd 

In the prothorax, with a large conical pivjcctiou 

rio mlrront view between Uie legs. 

t*Uie h^ ot c. TbebeadiBmainlyintlieaduHlocustcomposed 

^um: C. ci^ieua' "^ a single piece (catled Ihe epieranium. Figs. 128 

■^ i,^"""'. " °' and 129 E), whicb carries the compound eyes, 

tenns': ml. ituD^- ocelli, or simple eyes (Fig. 1?0, e), and antenun. 

maklUft' ^covM^ While there aii! in reality four primary segments 

br (be labruni; p, In the bead of nil winged insects, cor responding 

?^SriS^p^!u™' "> 'l-e four paire of apptndoges in the bead, tbe 

poslerior three segments, alter early embryonic 

life in the locust, beLonie obsolete, and are mainly represented by 

Ibeir appendages and by sniail portions lo which tiie appendages 

lire attncbed. Tbe anlennee, or feelers, are inserted in front ol the 

eyes, and between ibem \s the anterior ocellus, or simple eye, while 

the two posterior ocelli ire situated above tbe insertion of Ibe an- 

lennte. In front of tbe epieranium is the clypeui (Fig. 129), a piece 

nearly twice as broad as long. To Uie clypeus is attached a loose 

flap, which covers tbe jaws wben they are at rest. This is the upper 

lip or tabntia) Fig, 129). Tbere are three pairs of inoutli -appendages: 

first, tbe Inie jaws or mandibles (Fig. 127), which are aingle-Jointed, 

and are broad, short, solid, with a toothed culling and grinding edge 

adapted for biting. The mandibles are situated un each side of tbe 

iiioulh opening. Behind tbe mandibles are tbe maiillai (Fig. I3T). 

which are divided ioto Utree lobes, tbe inner tirmed wiUi teetb or 
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apioes, tbe middle lobe uDarmed and spatula shaped, while the outer 
fonnSB dTe-jntDted fc-eler called the maxiiiaTy palifms. The maiilln 
are accessory juwa, iiod probably Bcrve to bold and arrange Uie food 
to be ground by the true jaws. The floor of tlie moulti 1b formed by 
the UMum (Figs. 137 nud 1B8), whicli in reality is composed of the 
two Becood maxlUffi, j^own together in tlie Biiddle, the two halves 
being drawn sepnnituly in Fig. 137. 

Wittiin the mouth, uiid xiiualed upon the labiiiin, is the tongue 
(lingva), wbicli is a luvge, mumbi-anous, partly hollow expaneloa of 
the base of the labrum; it resembles a beech-nut Id shape, being 
slightly keeled above, and covered with fine, stiff hairs, which, when 
magnified, are seen to be long, rough, cbitinous spines, with one or 
two slight points or tubercles on the side. 

The internal anatomy may be studied by removing the dorsal wall 
of tlie body with fine scissors, and also by hardening the insect sev. 
eral days in alcohol and cutting it in two longitudinally by a sharp 

The aicphagut (Fig. 130, a) is short and curved, continuous with 
the roof of the mouth. The two salivary glands consist each of a 
buDcli of follicles, emptying by a common duct into the floor of the 
mouth. 

Tlie (BBophagns is succeeded by the crop (inglntiei). It is in the 
crop Ihut llie " molasses'.' thrown out by the locust originates. 

The prttBenU-iciilu) is very small in llie locust, easily overlooked in 
dissection, while in the green grasshoppers it is ralher large, and 
armed with sharp teeth. The true or chyle-stomach is about one 
half as thick as llie crop. 

From the antt'rior end arise six large pockets (gatliie eaea), which 
arise from llie true chyle- stomach, and probably serve to present a 
larger surface from which the chyle may escape into the body-cavity 
and mix with the blood, there being in insects no lacteal vessels or 
lymphatic system. 

The stomach ends in a slight constriction, at which point tlie 
urinary tnbei (Fig. 130, ur) arise. These are arranged in ten groups 
of about fifteen tubes, so tliat there are about one hundred and fifty 
long, fine tubes in all. The stomach Is succeeded by the ileum, 
colon, and rectum (Figs. 130, 131). 

The nervous system of the locust, as of other insects, consists of 
a series of swellings or nerve-centres, or so-called brains ^nglia), 
which are connected by two cords (commissures), the two COtds in 
certain parts of the body in some insects united into one. There are 
in the locust ten ganglia, two in the head, three in the thorax, and 
five in the abdomen. The first ganglion is ralher larger than the 
others, and is called the "brain." The brain rests upon the cesoph- 
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agus, wtieDce its name, Bupra-tsBopliageal ganglion. From the braio 
arise tlic Derves to tbe eyes and feelers, and from it the Derroiu cord 
extends back to the end of the body. 



Fia ISa — A Car&buB beetle In the act oF walkInK or rannbir. Three legs <L>, 
R« Ml .» .iif«^^ fn.urarri »|,{|e the olberB iK'. L'. /). which nre dffotW 
are euiJnl their activity, ab.cd. and e / are 
If tbe tlbitB and pa£ahig baoL to (be end ot tbe 
j^es described b; the same lega during Ibetr 



All insects brcutlio bj means ot a complicated systein of 
air-tubes ramifying lliroughout the body, the air entering 
through a row of spiracles or breathing-lioles (siigmala) 
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in tte sides of the body. There are in many insects two 
pairs of thoracic and eight pairs of abdominal spiracles. 
The anatomy of the grasshopper may also be compared 
with that of the western cricket (Fig. 131). 

The antenna are both organs of touch and also of smell, 
the olfactory oi^ns being little pits ; eome insects, how- 
erer, hear with their antennas. The locusts have a pair of 
largs ears situated at the base of the abdomen (Fig. 138). 

Insects produce sounds in various ways, either as in 
locusts by rubbing the legs against the closed wings, or by 
rubbing the upper on the under or hind wings; while some 
insects produce creaking sounds by rubbing the harder 
parts of the body together. 

In walking or running, an insect, as a beetle (Fig. 133), 
raises and puts down its sis legs alternately, us may be 
seen by observing the movements of any large insect. 

The wings are broad thin bap or expansions uf the skin. 
They are strengthened by hollow rods called veins, of 
which there are six principal ones. The veins are hollow, 
usually containing an air-tube. 

The wing of an insect in making the strokes during flight 
describes a figure 8 in the air. A fly's wing makes 330 rev- 
olutions in a second, executing therefore 660 simple oscil- 
lations. 

According to M. Phiteau, who has recently made ingen- 
ious experiments regiirding the strength of insects, the 
smallest of these animals are proportionally the strongest. 
A cockchafer can pull 21 times more, proportionally, than 
a horse, while a bee pulla tliirty times more. (The ani' 
mals were attached to a cord passing over a pnllej to a 
weighted scale.) The horso lifts 6-7ths of its weight, the 
cockchafer 14 times its weight, and the bee 20 times. 

Insects are very prolific, laying hundreds of eggs. Some 
insects, as the cricket, grasshopper, and ichneumon fly, 
possess a homy tube called an ovipositor, by means of 
which they bore into wood or the eEU*th Mid deposit their 
eggs one after another. 

L:,.i,-z__iv,GoOg[c 
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After hatching ^otn the egg, insects pass through a 
series of changes of form called a metamorphosis. The 
buttei-fly posses throngh four stages: 1, the egg; 3, the 
caterpillar or larva; 3, the chrysalis or pupa; and, 4, the 
imago or adnlt insect. In the grasshopper the perfect or . 
ndiilt insect differs chiefly from the larva in having wings; 
ill such insects the mebimorphosis is said to be incomplete; 
wliile the biittei-fly and bee have a complete metamoi-phosis, 
the larva or caterpillar being entirely unlike the imago or 
perfect insect. 

Insects are both nsefnl and injurious to vegetation. 
Were it not for certain bees and moths, orchids and many 
other plunts would not be fertilized; insects also assist in 
the cross-fertilization of plants. For full crops of many of 
our fruits and vegetiiblos, we are largely indebted to bees, 
flies, moths, and beetles, which, conveying pollen from 
flower to flowDr, ensure the production of abundant seeds 
and fruits. Mankind, on the other hand, suffers enormous 
losses from the attacks of injnrious insects. Within a 
period of four years, the Rocky Mountain locust, migrating 
eastward, inflicted a loss of $200,000,000 on the farmers of 
the West, In the year 18Ci the losses occasioned by the 
ehinch-bng in the corn and wlieiit crop of the valley of the 
Mississippi amonnted to upward of 1100,000,000, It is 
estimated that the average annual losses in Ihe United 
States from insects is abont *100,000,000. On the other 
hund, hosts of ichneumon flies and Tachina flies reduce 
the numbers and usually prevent andue increase in the 
numbers of injurious insects. 

The number of species of insects in collections is about 
300,000. Of these there are about 35,000 species of Hyme- 
noptm-a (bees, wasps, etc.); about 25,000 species of tepi- 
doptera {butterflies and moths); about 25,000 Diptera (two- 
winged flies), and 90,000 Coleoptera (beetles); with about 
4600 species of Arachnlda (spiders, etc), and 800 species 
of Myriopoda (millepedes, centipedes, etc). 

Insects are distributed all over the surface of the earth. 
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Most of tlie species are confined to the warmer portions of 
the globe, becoming fewer aa we approach the North Polar 
regions. Many are inhabitants of fresh water; a very few 
inhabit the sea. 

The Myriopods are all terrestrial, and occur in fJl parts 
of the earth except the polar regions. On the other hand, 
spiders and mites occur in tolerable abundance in the arctio 
regions, as well as on the summits of lofty mountains, but 
the scorpions are confined to the hotter parts of the earth. 

XJnlike the winged insects, the Myriopods and Aradmids 
do not pass throogb a well-marked metamorphosis. 

Class III. — Malacopoda. 

General Characters of Malacopoda. — This group is repre- 
sented by a single animal, the Peripatus of the tropics, in 
which the soft worm-like body has rudimentary jaws. There 
ia a pair of fleshy feet, ending in two claws, to each seg- 
ment; it breathes by minute air-tubes. 

Class IV. — Mtkiopoda. 

General Characters of Hyriopoda. — The centipedes and 
millepedes are distinguislied by their cylindrical body, the 
abdominal segments being numerous and Eimilur to the 
thoracic segments, all proTided with a paii- of feet. The 
head is free, with a pair of auteiinaa, and two or three pairs 
of jaw-like appendages. 

Order 1. Ckihgnatha. — To this group belong the mille- 
pedes, Julus, etc. (Fig, 133^ Tlie segments are round or 
flattened, and the feet are inserted uear together, and there 
appear to be two pairs to each segment. Millepedes feed 
on dead, sometimes fresh leaves, and on fiillen fi-uit. 

Order %. Chilopoda. — This group is represented by the 
lentipede, in which the body is flattened. In Oeophilua 
(Fig. 134, 6. hipuncticepa) there are fiom thirty to two 
hundred segmeats. Our most common form is Ltthobitu 

ogle 



Americanus, found under logs, etc. The centipede (Scole- 
pendra heros) is Tery poisonous, the poison-sacs being 
lodged in the two large fangs or second pair of jaw-legs. 




Class V. — Aeachn:da. 

Qeneral Chaiacten of Araclinida, — The bodies of spiders 
and scorpions, etc., are divided into two rogions, a head- 
thorax and abdomen, the head being closely nnitcd with 
the thorux. There are no antennie, only a pair of mandi- 
bles and a pair of maiillte, with four pairs of legs. There 
are never any componni] eyes. The young ai'e neually like 
the adult, except in the mites, in which there is a slight 
metamorphosis, tlie young being born with but three pairs 
of legs, while the full-grown mite has four piiii-s. 

An example of the sub-class is the spider, which is cbsr- 
acterized by having two or three pairs of spinnerets, ont 
of which the silk is drawn in spinning their weba. Besides 
breathing by air-tubes, spiders have so-c»lled lungs com* 
posed of several leaves, into which the blood flows. 

>og[c 



mTB8 AND 8C0ItPI0N8. 113 

Obders of Abachbida. 
1. Bod; small, rounded ; no distinct abdomen. ^cartna, Hites. 

3. Body with a jointed abdomen ArArogattm, Scorpion. 

8. Body with a tiiick UDJoiated abdomen Arcmema, Bpiders. 

Order 1. Acarina. — The mites (Fig. 135) are the sim- 
plest Arachuida, the body being oval in form, the head 
usually small, more or less merged with the thorax, while 
the latter is not separate from the abdomen. The tick 



(Fig. 136) is a large mite. It infesta cattle, sometimes 
barying itself in the skin of hnman beings. 

Order a. Arihrognslra. — This group embraces the scor- 
pion (Fig. 137), the false-scorpions, the whip-scorpions, and 
the harvest-men (Phalangium). In all these forms the ab- 
domen is plainly segmented, the segmcnta not being visible 
in the mitee or spiders. Usually the maxillary palpi are 
much enlarged, and end in claws. The scorpion la vivipa- 
rous, the young being brought forth alive. The young scor- 
pions cling to the back of the mother. The sting of the 
scorpion is lodged in the tail, which is perforated, and con- 
tains in the bulbons enlargement an active poison. Though 
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producing sickness, pain, and Bwellingin the part wounded, 
the Bting of the scorpion is seldom fatiil. 

The little falee-scorpions {Ckelifer, Fig. 138) often occur 
in books, under the bark of trees, and tinder stones. Tlie 
whip-scorpion is confined to warm conntriee; Thelyphonus 
pganteus occurs in New Mexico and Mexico. Its abdo- 
men enda in a long lash-like appendage. Its bite is poi- 
sonons. The harvest- men, or daddy-long-legs, are common 





Fia Ii7.— CaroIliia8corp[OD(.Butittu Fia. 1S9.— CA«i 

CaroUnlanta), Natural size. croidu. "'^ ti 

in dark places about houses. They feed on plant-lice. Our 
common species is Phalangium dorsatum. 

Order 3. Araneina. — The spidei-s are always recognizable 
by their round abdomen, attached by a slender pedicel to 
tlie head-thorax. They breathe, like the scorpions, both 
by lungs as well as by trachea, and the young resemble 
the parents in having four pairs of feet. The man- 
dibles end in hollow points, through which the poison 
exudes, the two poison-glands being situated id the head. 



THE SPIDERS. II5 

The male spider is ■nsually mucli smaller tJian the fe- 
male; the latter lay their egga ia silken cocoons. The 
tarantula {Lycosa) UBnally lives in holes in the ground, and 

Bome times conceals the opening hy covering it with a few 
dead leaves. Tho common garden apidet is Bpeira vulga- 



Fia. aa—Ut/eaU. Trap^loor Spider. 

ris. It lives about houses and in gardens; its geometrical 
■web 18 very regular. The large ti'ap-door spider (Mygale) 
has four lung-sacs, instead of two, as iu the other spiders, 
and only two pairs of spinnerets. Mygale BentzU (Fig. 
139) inhabits the Western plains and Utahj the gigantio 
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MygaU avicularia of South America ia known to seize 

smuU birds and Back their blood. There are probably 
about eight hundred species of spiders in North America; 
their colors ai'e often brilliant, and sometimes, from the 
harmony in their coloration with that of the Sowers in 
which they hide or the leaves on which they may rest, 
elude the siglit of inBectivorons birds. John Burroughs, in 
bis "Pepiicion,"B!iys that one sunny April day hia "atton- 
tionwas attracted by a soft, iincertain purring sound" made 
by little spiders travelling about over the leaves. 

Class VI. — Insbcta. 

General Charaoteri of Insects — Winged insects have a 

separate head, thorax, and abdomen. They bare compound 

as well aa simple eyes, two pairs of wings, and three pairs 

of thoracic legs. There are sixteen orders. 

Ordekb of Insects. 

1. 'Wingieea, often viitb a spring. Thyeanara: Spring Idls, etc 

2. Fore wings minute, elytra like. Sernuipleni : Earwig, 
B, Wings net veined; fore wings 

narrow; hind wings taldci. .Orthaplera: Locusts, GraaehoppeiB, 
4. Four net-veined wings; mouOi- 

parts Adapted for biting Plafyptera : White Ants, Bird-lice. ' 

6. Wings net-veined, equal Odonnta : Dragon-flies, 

6 Wings not-veined, nnequal Plechiptera : May flies. 

7. MoutU bcak-like.butwiih palpi rAsMfiopfem." Thrtpai 

8. Hoiiib-parts forming a beak 

for sucking; no palpi Eem^tera: Bugs. 

9. Wings net-veined ; metamor- 

phoaia complete Nearoplera: Imce-wlnged Fly, etc. 

10. Wingalongand narrow Meeapitra: Panorpa. 

11. Wings not net veined TriJu^tera : Cadd!s-fly, 

12. Fore wings sbeatliing tUe hind- 

er ones Goleoptera : Bectlea. 

13. Wingless, parasitic SiphoTiaptera : Flea. 

14. One pair of wings \\Diplera: Flies. 

16. Four wings and Ixidy scaled. .Lepidoptem: Butterflies. 
16. Fom* clear wings; hinder pair 

BinaU; a tongue UpMnaptera; Bees, Waapa, etq. 
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Older 1. Thysamira. — The Bpring-tails {Podura) and 

Smynlhurus (T"ig, 140) and bristle-tails {Lepisma) are ex- 
amples of this order. The Podurans have a -^_--^ 
peculiar forked up])on<I;ige in the end of the "^J^i^ 
body, wliieli is hold in place byii hook; when ' \^ 
set free the spring darts backward, throwing \J 

the minnte insect high in the air. S^J 

Order 3. Dermaptera. — The earwig {For- A\\ 
ficula) is the representative of this small kJi 

group, which is characterized by the small, ' R' 

short, elytra-like fore wings, and the large 
pecunur hind wings, while the body ends m a i^J["^[|P^|; 
forccpa-likc appendage. 

Order 3. Orihoptera. — Locusts, grasshoppers, crickets, 
etc., are called Orthoptora (straight- wings) from their nar- 
row, straight, foi-e wings; the broad hinder pair being 
folded fan like under the tove pair. 

Many Ortboptera, as the crickets, green grasshoppers, 



Fra. 14].— A. Kat;dld-like rorm resembliiis a leaf. 

katydids (Fig. 141), etc., and locusts (Fig. 142), prodnce 
load, shrill sooads. The sound is made in three ways, i.e., 
first, by rubbing the base of one wing-cover on the other 
(crickets and green grasshoppers); second, by rubbing the 

Coojlc 



inner surface of the hind legs against tne outer enrfaoe of 
the front wings (some locusts); third, by rubbing together 




— Boctr UounMln Locuat ; b, 



Fig. IIS.— An ifrlciin Mantit, or BOoChaajer, irlth Ita egg-tnaat. 

the upper surface of the front edge of the hind wings and 
the under surface of the wing-covers during flight (some 
locusts). 
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Other examples of Orthoptera are Mantis (Fig. 143), the 
curious leaf insect (Fig. 144), and the stick insect (Fig. 145). 



Half natural ai 




Fia. 145.— Stick 



Order 4. Platijptera. — The white ants live in stumps 
and fallen trees, and in the tropics do much harm by un- 



Fio. 148.— DrBgon-fly (ZXpIoar EJita). Fra. Wl.—Agriim. Nat. Blze. 

dermining the timbers of houses, and destroying furniture, 
books, etc. Their colonies are very populous. In oar white 
ant there are, besides males and females, workers and sol- 
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diere, the latter with large heads and long jaws. The white 
ants in Africa baild conical hilla six feet or more in height. 
Order 5. Orfownia. —Dragon-fliea {Figs. 146, 147) rep- 
resent this order. They have broad, net-veined wings and 
free biting mouth-parta. The metamorphosis is incomplete, 
the pnpie (Fig. 14S) being active and feeding on smaller 
inaecta, only differing from the larvie in having rudiments 




FlQ. U8.— Pupa of a Drsgon-fly 



of wings. Dragon-flies are constantly on the wing in 
pursuit of insects ; they are sometimes called "mosquito 
hawks." 

Order 6. P/ec/i?p/eca.— May-flies {Fig. 149) are so called 
from their shortness of life, as they live but a day or two. 
The young live in the water, and breathe by feathery gills 
«n the aide of the body. 
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Order 7. Thysanoptera. — Thrips and its allies were re- 
ferred by H&lidaj to a distinct order. The mouth-parts 
form a sort of heak ; the mandibles are bristle- 
like ; the maxillie flat, triangular, bearing two- to 
three-jointed palpi ; the labial palpi are very 
[ short, two- to three-jointed.' The wings are small, 
long and narrow, fringed; both pairs of equal 
size, usually without veins. The antenna are 
five- to nine- jointed. 

Order B. Hemiplera. — The bugs (Fig. 150) have 
a long beak bent on the breast. They suck the 
nnp*. jnicea of plants and blood of insects. The chinch- 
bug {Fig. 151) is fearfully destructive in 
certain years to com and wheat ; collecting 
under the base of the leaves in great num- 
bers, it sacks the sap and kills the plant. 

While most insects live but one and some 
live two years, the seventeen-year Cicada 
(Fig. 152) lives over sixteen years as a larva, 
becoming a pupa and finally acquiring 
wings in the seventeenth year. 8q'!l2iibi^~K«Zi 

The Aphis or plant-louse (Fig. 153) is«^ 
provided with two tubes on the end of the body from which 



ts. The chmch- 




Fia. IGl.— Chlnch-bug. a, b, egga; c, e, larva; /, g, pup&; i, beak. 



"honey dew" drops, which attracts ants, wasps, etc. In 
Bummer the female plant-lice bring forth young alive, and 
. aa there may be nine or ten generations, one virgin Aphia 



may become the parent of miUions of cMldren and grand- 
children. 




'^Ss^' 
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»i-;ear Cicada, o, b, pupa; c. il, ^Cga- 



Fia. 1M.— Cftrpnipa aud group ot stalked fgga. n, case. 

Order 9. Jfeuropiera, — These are net-veined insects with 
a complete met&moiphoBlB, the chrysaliB residing in a 
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cocoon. Such are the lace-winged fly (Fig. 154), the ant- 
lion, and Corydalii.1. The aphis-lion is the larva of the 
lace-winged fly, and devours large numbers of plant-lice. 

Order 10. Mecapiera. — The type of this group iB Fanorpa. 

Order 11. Trichoptera. — The caae-worms are the larvie of 
moth-like insects called Caddia-flies. Their wings are veined 
much as in the smaller moths. Their larvEe resemble cater- 
pillars, but live in water, in cases (Fig. 155). 

Order 13. Gileoplera. — In beetles the fore-wings are thick- 
ened, not Qsed in flight, and form sheaths {elytra), which 



Fia. lU.— MetamorplioBiB of the Ms; -beetle; S, larTa; l, pupa. 

protect the under or hinder pair. Their young are called 
grubs; the pnpse usually rest in cocoons of earth, etc., their 
metamorphosis being complete (Fig. 156), The tiger and 
ground beetles Imve long sharp jaws for seizing other 
insects; they are the tigers of tlie insect world. The bury- 
iiig-bcet1es are scavengers, and useful insects they are. 
The leiif-beetlea arc very nuuieroua, and comprise as in the 
pota' o-beetles (Fig. 157) some of our most destructive in. 
seels. Injurious to trees and fruit are the boring-beetles 
and the weevila. The latter with their long beak, at the 



end of which are the thick powerful jaws, bore into nnts 
and seeds or fruit. Such are the plum-weevil (Fig. 158), 



FiQ. 1ST.— Colorado potato-beetle; i 



and the chestnut, acorn, and hickory-nut weevils. These 
weevils when disturbed instantly feign death; and they also 



Fio. us.— Flam WmtA. 




escape the attacks of the ever-watchful birds by their resem- 
blance to buds. A few beetles are beautifully phosphore^ 
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cent. Such are the fire-flies, the cacoyo of the Wert 
Indies, and the glow-worm. 




Order 18. Siphonaptera. — Fleas represent this group. 
Order li. Diptera. — The common hoase-fly (Fig. 159) 
B a type of this group, all the members of which have bat 



ftq. 100.— Bot-flr or tt 




two wings, while the tongue is especially dereloped for lap- 
ping up liquids. The common house-fly lives one day in 
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the e^ state, from five days to a week as a maggot, and 
from five to seven daj's in the pnpa state. If. breeds 
about stables. 

The Taohina-fly is beneficial to man, from its parasitism 
in the bodies of caterpillars and other injurious insects. 
The bot-fly (Fig. 160, Bypoderma 
hovia) ia closely allied to tiie house-fiy, 
but the maggot is much larger. The 
larval bot-fly of the horse lives in the 
stomach; that of the sheep in the 
) frontal sinus, a cavity in the forehead. 
The Syrphus flies {Fig. 161, Syr- 
phu3 poHlus) mimic wasps; their mag- 
na, m.—^pbat poiotu gots are most useful in devonring 
^ aphides. 

The fleas are wingless flies, allied to winged forms which 
are intermediate between the house flies and crane-flies. 

In the two-winged gall-flies {Cecidomyia, etc., Fig. 163, 
C. iritici, Hessian-fly) the body is small and slender, with 
long antennsB. The cmne-fiies {Tipula) are large flies, 
standing near the head of the order, and, like the flea and 




Fia. ItH.—Bfitaan-aj. i 



:, incblon In wheat-ctilk fi 



1, larva; b, pupa; c 

gall-fly, the chrysalis is enclosed in a cocoon, there being 
no puparium or pupa-case, as in the lower files. Lastly, 
we have the mosquito (Figs. 163, 164), whose larva is 
aquatic, and breathes by a process on the end of the body, 
ooataining an air-tube. 
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Order 15. Lepidoptera. — The butterflies and motlis are 
known by their acaly bodies, the apiral maxillsB or tongne 




rolled up between the two large labial palpi, and by their 
usually broad scaly winga. 

The larger moths are represented by the canker-worm, 
the grass army-worm and the cotton army-worm {Fig. 165), 




Pio. ]M.— Hflod and mouOi parts ot moequlto. 
A, hypophaiTni; m, ii>.i~.. .^i 



saa^imimxp, mazillarr p^pua; lb, 1>- 



80 destructive to vegetation; the silk-worm moth {Bomhyx 
mori) of the Old World, and the American silk- worm ( Telea 
Polyphemus). 
The hawk-mothfl {Sphinx) are distinguished by their large 
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size and very loug tongue. The butterflies differ fi'om tlie 

moths in having knobbed au- 

t«niiie, while their chrysalides 

' are often ornament«d with 

golden or silvery spots. 

Order 16. Hymenoptera. — 

The bees stand at the head of 

j^iBp^iSb ,.. ■I9B ^''^ insect series in perfection 

^F^^^SSfefe ^V "^^ parte, especially those of the 

'vm'~~~!^^^^^^^_/^^ month. 

irto, iM.^Fre.cateTiii.r,«.dmoth The Hymmoptera are repre- 

ot Anomit xyUna, the couon ggnted by the Baw-fliea, tbegall- 

AnoT-vorm. , "^ . , n- , 

flies, the ichneumon-uies and 

the ants, the sand-wasps, mnd-waeps, paper-making wasps, 

and bees. 

The lowest family is the Urocerida, or bom-tails (Fig. 



FiQ. 106.— Qall-fly otoak. 



FIQ. IBd— Horn- Fio. lflT--Pear Slug. 
tall: Isrvs ol natunU site, gusw- 
JVcmex CO- lug leaves, a, lar- 




_iv,Goog[c 



I03NBXJM0N PLIBS. 129 

166, larva of TVemex columba), whose fleshy vhite larrse 
bore in trees. The adults are large, with a long, saw-like 
ovipositor. In the saw-fliea {Tentkredinidie, Fig. 167 the 
pear-Blng, Selandria cerasi) the larva stroDgly reaembles a 
caterpillar, having eight paira of abdominal feet. 

The gall-flies (Fig. 168, Cynips) are small Hymenoptera 
which lay eggs iu the leaves or stems of the oak, etc., 



Fia, iro.— tEoodoma, or Leaf cutter Ant of MIcaraeua. 

which, from the irritation set tip by their presence, causes 
the swelling termed a gall. 

The ichneumon-flies (Fig. 169) are very nnmerons in 
species and individuals; by their ovipositor, often very 
long, they pierce the bodies of caterpillars, inserting sev- 
eral or many eggs into them; the larvte feed only on the 
fatty tiacnes of their host, but this usually causes the death 
of the caterpillar before its transformation. 

The family of ants is remarkable for the complexity of 
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the colony, the division of lubor and the reasoning powers 
manifested by the workers and soldiers, which, with the 
males and femaies, constitute the ant-colony. 

Certain ante enslave other species; have herds of cattle, 
the aphides; build complicated nests or 
formicaries, tnnnel broad rivers, lay up 
seeds for use in the winter-time, are 
" piitternB of indn6ti7, and exhibit a feadi- 
> noss in overcoming extraordinary emer- 
gencies, which show that they hare suf- 
ficient reasoning powers to meet the 
exigencies of their life; their ordinai7 
acts being instinctive — namely, the re- 
— suits of inherited habits. The leaf-cutter 
no. m.-Mud.tauber. j,n,g ^f Central and South America (Fig. 
170) are famous from their leaf-cutting habits; tlie soldiers 
have large triangular heads, while the workers have much 
smaller ronnded heads. 
The mud-daubers {Pelopwua, Fig. 171) build their nests 



Fla. ITS.^Sund-iraBp (S^«). Natural «lze. 

against stone walls, of pellets of mud, while the sand- and 
mud-wasps dig deep holes (Fig. 172, Sphex ickneiimonea) 



WASPS AND BBEa. 131 

in gravelly walks, and have tlie inatinct to sting grass- 
hoppers in one of tlio thoiacic nerve-eentrea, thus paralyzing 
the victim, in whicL the wasp 
lays her eggs; the young hatch- 
ing, feed njKin tlie living but , 
paralyzed grasshoppers, the 

store of living food not being i 

exhausted until the larval waap * 

is ready to stop eating and 
finish its transformiitions. 

The genuine pjiper- making 
wasps are uumerous in species; 
here the workers are winged, 
and differ from the females or 
queens i n being rather smaller. 

Odynerus builds cells itf mud. " 

Tlie genuine pa[>er-mitking 
wasps, such as Vespa, build 
several tiers of cells, arranged 
mouth downward, and envel- 
oped by a wall of several thick- 
nesses of paper. In the Vespa, 
the females found the colony, 
and rai:>e a brood of workers, 
which early in the summer 
assist tlie queen in completing 
the nest. 

The bees also present a grad- 
ual series from those which 
are solitary, living in holes in 
the earth, like the ante (Fig. 
173), .nnd forming silk-lined 

earthen cocoons, to those Fiq m — Neat of Andrena. g, IbtbI 
, ■ , . , .,, . , oteround: a. nrst-made celL coo- 

which are social, with winged taming a puu: b, I.ls^vn;c,]lol■ 
wo^kers, sligbilydifleringfrom pTiiSITSiS^ i^^ d^^Jd'^r 
the queens. The queen hum- * ™" 
ble-bee hibernates, and in the spring founds her colony by 
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laying up pellets of pollen in some BnbterraDean monse- 
ncst or ill a stnmp, and the young hatching, gradually eat 
the pollen, anb when it is exhausted and thej are fully fed, 
they spin an oval cylindrical cocuon; the first brood are 
workers, the second males and females. The partly hex- 
agonal cells of t)ie stingless bees of the tropics [Melipoua) 
lire built by the bees, while the hexagonal cells of the honey- 
bee are made by thb bees from wax secreted by minute 
glands in the abdomen. Though the cells are hexagonal, 
they are not built with mathematical exactitude, the sides 
not always being of the same length and thicknets. 

The cells made for the young or larval drones are larger 
than those of tlie workers, and the single queen-cell is large 
and irregularly slipper-shaped. Drone-eggs are supposed 
not to be fertilized. Certain worker-eggs have been known 
to transform into queen-bees. On the other hand, worker- 
bees may lay drone-eggs. The maximum longevity of a 
worker is eight mouths, while some queens have been 
known to live five years. The latter will often, under fa- 
vorable circumstances, lay from 3000 to 3000 eggs a day. 
The first brood of workers live about six weeks in snmmer, 
and are succeeded by a second brood. 
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CHAPTER VIIL 
Bbanoh VIII.— VKBTBBBA.TA (Boch-loned Animals). 

Oehzbal Chabactebb of Vzbtbbbateb. — We have sceb 
that most of the foregoing types uf anlmuls huye the body 
protected by a crast or shell, enclosing the muscleB and 
other internal organs; but now we come to animals which 
have an internal bony support or skeleton. The skeleton 
consists of a backbone (Fig, 174) with bones forming a 
skall and a sei-ies of bones supporting the limbs. Fishes, 
reptiles, birds, and mammals or beasts, are fumiliai' exam- 
ples of vertebrates, while man himself is a vertebrate. Ver- 
tebrates in general have bodies which are symmetrical, i.e., 
the two sides repeat each other; they nave a Cuain-boz or 
skull containing the brain and tne month and pharynx, 
with two eyes, two ears, and usaally two nasal openings. 
To the trunk are attached two pdirs of limbs; the tore- 
arms in man corresponding to the fore legs of the horee or 
d<^. 

Now if we cnt a fish in two. and closely examine the sec- 
tion, we shall notice that above the backbone is a little cav- 
ity containing the nervous cord, and below a much larger 
cavity containing the viscera, i.e., heart, liver, stomach or 
intestine. Thus there are two cavities, the nervons one 
above, and the visceral one below the backbone (Figs. 175, 
176). In this respect the backboned animals differ from 
the backbonelesB or invertebrate animals, in which there is 
but one body-cavity, with the nervous system sitnated on 
the fioor of this cavity. 

Vertebrates have a true heart, with one, generally two, 
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veins, a system of capillary Teasels, which are niiniite tnbea 
coniiectiDg the eiii]s of the smaller arteries with the smaller 
Teins. There are no genuine eapilliiries in the lower ani- 
mals exactly comparable with those of vertebratcB. 

The blood is red in all the vertebi'atos except the lance- 
let, and besides white coi-puseles contains red corpuscles. 
While fishes and tadpoles breathe by gills, all land and am- 
phibious vertebrates breathe the air directly by Inngs con- 
nected by a windpipe {trachea) with the mouth. The 
nervous system consists of », brain and spinal cord. The 
brain consists of four pairj of lobes, i.e., the olfactory 



pleursirr, ribs; >t, tbe breostlKine. From Hutiii. 

lobes, cerebral hemispheres, the optic thalami with the 
pineal gland, and the optic lobes; besides these lobes, which 
are arranged in pairs, there are two single parts of the 
brain, the cerebellum and the beginning of the spinal cord, 
called the medulla oblongata. 

The limbs each consist of a single long bone, succeeded 
by two long bones, followed by two transverse rows of 
short wrist or ankle bones, and five series of long finger or 
toe bones called phalanges. For example, in the fore limb 
of most Tertebrates, as in the arm of man, to the shoulder 
girdle is articulated the humerus; this is succeeded by the 
ulna and radius) these by the wrist-bones or earpals, and 
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the finger-bones or phalanges, the single row of phalanges 
forming the digit (finger or toe). To the pelvis are at- 
tached the hind limbs, consisting each of ^ femur or thigh, 
which is succeeded by the tibia and Jibula (shank-bones), 
which are followed by the tarsal and metatarsal bones 
(ankle-bones), and by the phalanges or bones forming the 
toes. 

Clabbes or Ybbtbbbateb. 

1. TouDg with a nervous and dorsal cord Tunieata. 

2. No skull or brain; blood colorless Leptoeardii. 

8. Notocord persistent; do jaw-bones; six to ten pairs 

of purse like gills Jfart^obrajiehii. 

i. Swimmiag by fins; with gillsi a movable under 

5. Amphibious; true limbs and lungs ; skin smooth, 

DO scales, do claws Batraclua. 

6. Claws and scales present BeptUia. 

7. Body covered with festhets ; fore-limbs forming 

wings Avei. 

8. Body covered with hair ; suckling thdr young. . .Mammalia. 

CLAaa I. — Tv]siCA.TA{Ascidiaii3, Sea-sguirla). 
General Characters of Tnnicates. — While the Tnuicates 
were formerly supposed by some to be mollusks, and by 
others worms, they have been found to possess in the lar- 
val stage a notocord, above which lies a 
rudimentary brain, with a spinal cord, and 
even spinal nerves. A tadpole-like form 
(Appendicularia) retains the fundamental 
vertebrate features we have just noticed, 
while all other Ascidians which undergo 
a metamorphosis lose their tails, notocord, 
Fio, m.-HoiKuia. and nervous cord, and degenerate into or- 
dinary Ascidians. 
The Ascidians are common just below low-water mark, 
either hidden in masse's of mussels, attached to the rocks 
under sea-weeds, or the compound species may be found 
forming bright- colored masses on the piles of wharves and 
bridges, while the star-like BotryUus grows on th? l^ftTW 
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of eel-graBB. On placing a good-sized As- 
cidian in a vessel of fresh sea-water it will 
be found to consist of a semi-transparent or 
q^uite opaque test witii two openings, one 
lower than the other, as seen in Molf/ula, 
which looks, when the two oriflces are pro- 
truded, likeadouble-necked bottle (Fig. 177), 
The anterior or higher orifice or mouth is 
for the passage of currents of water into the 
respiratory sac; and the posterior, usually 
lower, excurrent orifice for the passage out- 
wards of fecal matter. The test or outer 
ekia is either delicate and semi-transparent, 
or it may be quite tough and opaque. 

The Tunicates may in general terms be 
characterized as having a usually rounded or 
sac-like body, which is sometimes barrel- 
shaped, bilateral, with a dorsal and ventral 
symmetry, protected by a transparent or 
dense test, containing cellulose, lined within 
by a tunic surrounding the body-cavity. 
There are two openings in the test, one oral, 
the other "atrial;" the mouth leads into a 
capacious pharyngeal respiratory sac, open- 
ing posteriorly by an oesophagus intCthe 
stomach, which is provided with a liver; 
the intestine is flexed, and ends near the y^^ us-structu™ 
(esophagus. The nervous system is bilat- "' ■ eompnund 
eral, forming a double ganglionated chain nwtum. 'a. bran- 
in Append icalana, but is reduced in the otamach': k. 
typic^ Ascidians to a single ganglion, sit- mout'h"tf."lKti8: 
uated within the tunic between the two open- of'ihe^teBMB-'c' 
ings. There is a tubular heart, opening at th"'^ii>SrJ^ir" 
each end, and its beatings are often reversed, Ji'^uSH^ '"nun* 
the blood flowing in and out at either end. nf'^''"h'''*'t^'f 

A singular group of Tunicates is repre- iwer;*. oMniiiEs 
a^nted by Salpa, which is a pelagic form. cu&i ciuunb«r- " 
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There are in Salpa two kinds of individuals, Le., the 
solitary and the aggregated or chain Salpte. 

The young of many Ascidians are bom with a tadpole- 
ehape, in which there is a notocord, which, however, does 
not extend to the brain, and the mouth-opening is dorsal 
rather than ventral (Fig. 180), otherwise the larval Aecid- 
ian IB strikingly like the embryo lamprey: in both, the 
w ««! SSfh 




mouth leads into a pharynx with gill-openings; both have 
a rudimentary brain, and a notocord situated beneath the 
nervous cord. The young Aacidian, then, is seen to have 
the fundamental characters ascribed to the vertebrates, 
though it loses them before growing up. 

Cla.38 II. — Leftocabdii ( Lancelet). 
The lancelet is the only type of this class. The body is 
four or five centimetres in length, slender, compressed, 
pointed at each end. The muscular segments are distinct 
to the naked eye. From the mouth to the vent is a deep 
ventral furrow, and a slight fin extends along the back and 
Tentrally as far front as the vent. 

L:,.i,-z__iv,GoOg[c " 
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The month ia oval, Buirounded with a circle of ciliated 
tentacles supported by semi-cartilagiaoiis piocessea arising 
from a circamoral ring. The mouth leads directly into a 
large broad phatynx or " branchial sac" (Fig. 183, g), pro- 
tected at the entrance by a number of minute ciliated lobes. 

The walls of this sac are perforated by long ciliated slits, 
comparable with those of the branchial sacs of Ascidians 
and of Balanoglossus. The water which enters the mouth 
passes ont through tlieae slitswhere it oxygenates the blood, 
and enters the peribranchial carity, thence passing out of 
the body through tlie abdominal pore {Fig. 183, p). The 
pharynx leads to the stomach (/), with which is connected 
the liver or ccecnm. There is a pulsatile vessel or tubular 



heart, beginning at the free end of the liver, and ex- 
tending along the nnder aide of the pharynx, sending 
branches to the sac and the two anterior branches to the 
dorsal aorta. "On the dorsal side of the pharynx the 
blood is poured by the two anterior trunks, and by the 
bi-anchial veins which carry away the aerated blood from 
the branchial bars, into a groat longitudinal trunk or 
dorsal aorta, by which ilv is distributed througbont the 
botly." (Huxlej.) There are also vessels distributed to 
the liver, and returning vessels, representing the portal 
and hepatic veins. Tlie blood-corpuscles are white and 
nncleated. 

The vertebral column ia represented by a notocord 
which extends to the end of the head far in front of the 
nervous cord; and also by a series of small semi- cartilagin- 
ous bodies above the nervous system, and which are thought 
to represent either neural spines or 6n-rays. The nervous 
cord lies over the' notocord: it is not divided into a true 

(If 
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brain* and Bpinol cord, but sends off s few neires to Uio 
periphery, with nerves to the two minute eyc-spota. There 
are no kidnoja like those o( the higher Vertebrates, bnt 
glMidular bodies which may serve aa such, 'i'he reproductiTO 
glands are square masses attached in a row on each side of 
the walls of the body-cavity. The eggs may pass ont of the 
mouth or through the pore. Kowalevsky found the eggs 
issuing in May from the mouth of the female, and fertil- 
ized by spermatic particles likewise issning from the mouth 
of the male. The eggs are very small, 0.105 miUimeti-es 
in diameter. The eggs undergo total segmentatioti, leav- 
ing a segmentation-cavity which becomes the body-eavity. 

The blastoderm now invaginates and the embryo swims 
about as a ciliated gastrula. The body is oval, and the 
germ does not differ much in appearance from a worm, 
star-fieh, or aseidian in the same stage of growth. No ver- 
tebrate features are yet developed. 

Soon the lively ciliated gastrula elongates, the alimentary 
tube arises fiom the primitive gjistru la-cavity, while the 
edges of the flattened side of the body grow up as riilges 
which afterwards, as in all vertebrate embryos, grow over 
and enclose the spinal cord. When the germ is twenty-four 
hours old it assumes the form of a ciliated flattened cylin- 
der, and now reeemhlea an Ascidian embryo, there being a 
nerve-cavity,' with an external opening, which afterwards 
closes. The notocoi-d appears at this time. 

In the next stage observed the adult cliaracters had ap- 
peared, the mouth is formed, the first pair of gill-openings 
are seen, eleven additional pairs appearing. It thus appears 
that while the lancelet at one time in its life presents 
Ascidian features, yet, as Balfour states, "all the modes of 
development found in the higher Vertebrates are to he 
looked apon as modifications of that of Amphioxns." 

* Lnngerbatia baa flgiired an olfactor; lobe; aad all obnervera 
agree iliat a veolricle is preaent) thus there is a slight npproxliiiuliua 
to a brain. 
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Class III. — Maesipobbanchii (Lampreys, or Cycloslomi). 

0«aeral Charaoten of the Cyclostomatoos Vertebrates. — 
Id the hag fish and lamprey, representatives of tiie juvless 
Vertebrates, the body is long and slendei-, -cylindrical, the 
akin smooth, ecalelesa, with only a median dorsal and ven- 
tral fin (or in Myxine only a small lower median fin); the 
mouth is circulur, and in the lampreys armed with numer- 
ous conical teeth. There is no bony skeleton; the spinal 
column is represented simply by a thick rod (dorsal cord, 
DOtocord) surronnded by a ehoath. The skull is cartilag- 
inous, not movable on the vertebml column; is very imper- 
fectly developed, having no jaws, the hyo-mandibular bones 
and the hyoid arch existing in a very rudimentary state. 
The few teeth present in the hag-fish are confined to the 
palate and tongue; those of the lamprey are numerous, 
conical, and developed on the cartilages supporting the lips. 

The nervous system is much as in the fitches, the brain 
with its olfactory, cerebral lobes, thalami, optic lobes, and 
medulla being developed, the cerebellum in Myxine blended 
with, in the lamprey free from the medulla. The digestive 
canal ia straight, with no genuine stomach, bnt the liver ia 
much as in higher Vertebrates. The respiratory organs' 
are very peculiar, being purse-like^cavities (whence the 
name Marsipobranchii), in the lamprey seven in num- 
ber on each side of the pharynx, opening externally by 
small apertures; internally tliey connect with a long cav- 
ity lying under the eesopbagus, and opening anteriorly 
into the mouth. The heart is like that of fishes, as are 
the kidneys. The eyes are minute, sunken in the head and 
under the skin in the hag {Myxine), but larger in the 
lamprey, 

Another extraordinary featnre in the class is the single 
nasal aperture, as opposed to the two occurring in all higher 
Vertebrates. The aperture leads to a sac, which in the 
JI/y3»n«communicates with the mouth (pharnyx), bat ia 
Ihe lamprey forms a cul-de-sao. 
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The ovaries and male glands (the sexes being distinct) 
are unpaired plates suspended from the back-bone, and have 
no ducts, the eggs breaking through the walls of the ovary, 
falling into the abdominal cavity and passing ont of the 
abdominal pore. The eggs of Myxine are very large in 
proportion to the fish, enclosed iu a horny shell, with a fila- 
ment at each end by which it may adhere to objects. 

The hag-fish is about a foot long and an inch thick, with 
the head small, a median palatine tooth, and two comb-like 
rows of teeth on the tongue. There is a single gill-opening 
a long way behind the head; there are large mucous or 
slime-glaoda on the side of the body, for tliese fishes are 
very slimy. The hag lives at considei'able depths i^ the 
sea; we have dredged one at 114 fathoms in soft deep mud 
oS Cape Ann. It is often parasitic, attaching itself to the 
bodies of fish, and has been found to have mode its way 
into the body-cavity of sLnrgeons and haddock. 

The lamprey lives both in fresh and salt water. The 
eggs of the common lamprey, Petromyzon marinus (Linn.), 
are laid in early spring, the fish following tJie shad up the 
rivers, and spawning in fresli water, seeking the sea in 
autumn; small individuals, from five to seven inches long, 
have been seen by Dr. Abbott attached to the bellies of 
shad, sucking the eggs out of the oviducts. 

The lamprey when six inches long is quite unlike the 
adult, being blind, the eyes being concealed by the skin; 
it is toothless, and has other peculiarities. It is so strangely 
unlike the adult that it was described as a different genus 
{Ammocm(es). P. nigricans Losuour is smaller, and oc- 
curs in the lakes of New York and eastward, wh'le P. niger 
Eafinesque is still smaller, and lives in the Western States. 

Class IV. — Pisces {Sharks, Rays, Sturgeons, Garpikes, 
and bony fishes). 

General Characters of Fishes. — We now come to verte- 
brates which have genuine jaw-bones and fins in pairs, and 
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which, in shoi't, are allied to the Batrachians, and through 
them with the reptiles, birds, and mammala. All the fishes 
agree in having a true dkull, to which is attached a mova- 
ble lower jaw. The brain is well developed and the blood 
is red. Fishes breathe by gills, which form four arches on 

Dortal fin. 
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each side of the throat. The body is usually scaled. They 
are mostly oviparous; some bring forth their young alive. 

Sub-Clabsbb of Fishes. 

1. Skeleton cartilaginous; 5-7 pairs of 

gillHjpcuings EliumobranekH: Sbarka, RBya. 

2. Skeleton cavtiUigJuDus or boiiy; 

scales oflen squiire, enameHed. . Oarundei: Sturgeon, Garpike. 
8. Skeleton bony, ot numerous sep- 
arate boues; 4 pairs of gilla TeUoitei: Cod, Percb, etc. 

Sdb-Clas8 I. — ELASMOBRAifCHii {SelocMans, or Sharks 
and Bays). 
These are called EliisraobrancliB from the etrap-like 
sill-openings (elasma, strup, and branchia, gill). The 
sharks, though fish-like, are very different from ordi- 
nary bony fi^h. Their skeleton or skull is so soft that it 
can ho cut with a knife, while the tail ie one-sided, the ver- 
tebral column ending in the larger upper lobe. They also 
have from five to seven gill-openings or slits, whereas the cod 
or perch has but one. The skin is either smooth, or with 
minute scales, forming shagreen. Bolh jaws are armed 
with numerous shai-p, flattened teeth, arranged in rows and 



pointing backward, enabling tliem to seize and retain their 
prey. 

Sharks and skates are engines of destruction, being the 
terror of tho seas. Their entire stnicture is such as to 
enable them to seize, crush, tear, and rupidly digest largo 
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fishes or other marine animals. Hence their own forms are 
gigantic, soft, not protected by scales or armor, ae they 
have few enemies. Hence they do not need a high degree 
of intelligence, nor special means of defence or protection. 
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though from their activity the circulatory system is highly 
developed, the mnscular aortic bulb being provided witliin 
with three rows of semi-lnnar valves. 

The eggs of sharks and raya are very large compared with 
those of bony fishes. The Cestracion (Fig, 185) is an old- 
fashioned form, which inhabits the Anstralian seas. 
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Order 1. Plagiostomi. — Our must common shark is the 
mackerel shark (Isurus punctatus, Fig. 186). It is from 
four to eight feet in length, and is often taken in fiah-netB, 
being a. aurface-swimmer. Id the thresher shark (Alopedag 
vulpes), the upper lobe of the tiiil is nearly ua long as the 
body of the shark itself. It grows twelve or fifteen feet in 
length, and lives on the high seas of the Atlantic. 

Nearly twice the size of the thresher is the great basking 
shark, Selache maxima, of the North Atlantic, which be- 
comes nine to thirteen metres (thirty or forty feet) in 
length. It has very largo gili-Blits, and is by no means as 
ferocious aa most sharks, since it lives on small fishcH, and 
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in part piobably on --mil! fljiting inimals straining them 
into ita throat thiough a seiies of rays or fi inges of an elas- 
tic, bard substance, bat brittle when bent too mueli, and 
arranged like a comb along the gill-openings, the teeth 
being very small. 

Among the smaller sharks is the dog-fish {Sgnalns Ameri- 
canns), distinguished by the sharp spine in front of each 
of the two dorsal fins. It is caught in groat numbers for 
the oil which is extracted from its liver. The dog-shark 
(Mtistelus cants), which is a little larger than the dog-fish, 
becoming over a metre (four feet) long, brings forth its 
young alive. 

The hammer-headed shark is so called from the head 
projecting far out on each side, the eyes being situated in 
the end of each projection. ^ 
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It grows to the length of twelve feet, and ia one of the 
, most rapacious and forniidablo of sea-monsters. Among 

the largest sharks are the species of Carcliarias (Fig. 187) 

One species frequents the Ganges, occurring sixty leagues 

from the sea. 
Of the rays and skates, the saw-fish {Pristis antiquorum) 

approximates moat to the sharks. Its snout is prolonged 

into a long. Eat, bonj blade, aimed on each side with large 
teeth (Fig. 188). The common saw- 
fish inhabits the Mediterranean Sea 
and the Gulf of Mexico; it is vivipa- 
rous (Caton). Pridis PerroteK lives 
in the Senegal River. 

The genuine skates or rays have 
the body broad and flut and rhom- 
boidul, owing to the great extension 
of the thick pectoi-al fins. TJiey 
swim close to the bottom, feeding 
npon shell-fish, crabs, etc., crushing 
them with their powerful flattened 
teeth. The smallest and most com- 
mon skate of our northeastern Atlan- 
tic coast is Raja erinacea. It is one 
half of a metre (twenty inches) in 
length, and the males aVe smaller 
than the females. The largest species 
is the barndoor skate, Raja Imvis, 
which is over a metre (forty-two 
inches) long. Baja eglanteria (Fig. 
189) ranges from Cape Cod to the 
Caribbean Sea. The smaller figures 
in Fig. 189 represent respectively the 
I mouth and gill-slits, and the jaws of 

Fio. i88.-Beflfc of Saw-flsh. Myliobalis fr&menvilUL 
^''i^^h.^uZiri^^ In the torpedo the body is some- 
laterai Matii. ^^int oval and Founded. Fig. 190 

represents Torpedo marmoratus of the Mediterranean Sea. 
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Our natire species, found moatly in winter, especially oa 
tlie low sandy ahorcs of Cape Cod is Torpedo occidentalis. 
Its batteries and nerves are substantially as in the Euro- 
pean speciea. The electrical organs arc constructed on tlie 
priacipio of a Voltaic pile, consisting of two series or layers 
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of six-sided cells, the space between the numerous fine 
transverse plates in the cells filled witli a trembling jelly- 
like mass, each cell representing, so to speak, a Leyden jar. 
There are about 470 cells in each battery, each provided 
with nerves sent off from the fifth and eighth pail's of 
nerves. The dorsal side of the apparatus is positively elec- 
trical, the ventral side negatively so. The electrical cur- 
rent passes from the dorsal to the ventral side. When the 
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electrical ray is disturbed by the touch of any object, the 
impression is conveyed by the sensory nerves to the brain, 
exciting there an act of the will which is conveyed along 
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a. lelt eleeiPio organ entire; u', right ■ 
Mbution of tbe ntrveii^ h, ike last 
secreting tubes. 

the electric nerves to tbe batteries, producing a shock. 
Tbe benumbinj; power is lost by frequent exercise, beinj; 
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reguned by rest ; it is also increased by energetic circuU- 
tiun and respirution. As in muscular exerlion tlie electri- 
cal power is increaBed by the action of strychnine. 

Marey has more recently made interesting experimeate 
on the torpedo, examining the discharge of this fiah vith 
the telephone. Slight excitations provoked a short croak- 
ing sound. Each of the smiill discliarges was composed of 
a dozen ilaxes and pnlsHtiuns. lasting about one fifteenth 
ot a second. The sound got from a prolonged discharge, 
lioweTer, continued three to four seconds, and consisted of 
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a sort of groan, with tonality of about mi (165 vibrations), 
agreeing pretty closely with the result of gniphic experi- 
ments. 

Marey has also studied the resemblance of the electrical 
apparatus of the electrical ray or torpedo and a muscle. 
Both are subject to will, provided with nerves of centrifugal 
action, have a very similar cliemicul composition, and re- 
semble each other in some points of structure. A muscle 
in contraction and in tetanus executes a number of succes- 
sive small movements or shocks, and a like complexity has 
been proved by M. Mai-ey in the discharge of the torpedo. 

The sting-rays (Trpgon) have no caudal fin, but the 
spinal column is gi'eatly elongated, very slender, and aTmod 
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with a long, erect spine or "stlag." Some lira id fresh 
water. 

The devil-fisli (Cephahpterui diaholus) of the coast of 
Sooth Carolina and Florida is the largest of our rays, being 
eigliteen feet acrosa from tip to tip of its pectoral flna, and 
ten feet in length, weighing several tons. It sometimes 
seizes the anchors of small TesselB bj means of the curved 
processes of its head and awims rapidly out to sea, carrying 
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the craft along with it. Closely allied to our devil-fish is 
the Ceratoptera (Pig. 191). 

Order 2. HolocephaU. — This small but interesting gronp 
of sharks is represented by the Ckim^rn (Fig. 193) of the 
North Atlantic, and Callorhynchvs of the antarctic seas. 
In these fishes the four gill-openings are covered by a 
membrane, thus approaching the true bony fishes; there 
are but four teeth in the upper and two in the lower jaw. 

Sub-Class II. — Ganoidei {Garpiken, Lung-fishes). 

The term Ganoid was applied to these fishes from the 
form of the scales, which in moat of the species are angular, 
aqaare, or rhomboidal, and covered with enamel, as seen m 
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the common garpike. In others, 
however, as in the Amia atid Dip- 
noans, the scaleB are ronnded or 
cycloid. The sturgeons (Fig. 193) 
have the snout long and pointed, 
vith the mouth underneath, and 
toothless, while the body is pro- 
tected by very large scales. Aci- 
penser slurio is the common aea- 
stnrgeon of our coast, ascending 

rivers. The shovel-nosed sturgeon,. ^1 

ScaphirhyncJiops platyrhi/nchus, | 

has a spade-like snont. It inhah- |a 

its the waters of the Mississippi o.| 

Valley. || 

The singular spoon-bill, Polyo- %j 

do II folium {Fig. 104), is five feet t^ 

long, smooth-skinned, has a snout s| 

one third as long as the body, and ^ . 

Bpatulate, with thin edges. It has |a- 

a very wide mouth, with minute ^2 

teeth, and lives on small Crus- a I 

tacea. It abounds in the Missis ^"i 

sippi and its larger tributaries. i^ 

The Dipnoi or lung-fishes are '^1 

Bo-called from the fact that often ^^ 

being in pools and streams liable |l 

to dry up, they breathe air directly, 1 1 

having true lungs, Hke those of |i 

frogs, as well as gills. From the ".^ 

nature of their brain and 3-cham- r.-a" 

hered heart, the Dipnoans are quite 6S 

different from all other fishes, while | 

on the other hand the notocord | 

is persistent. ^ 

The body of the Dipnoans is - 

somewhat eel-shaped, though not ,-. £ 

very long in proportion to its thick- - "■ '-lOOglC 
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ness, and is covered with rouod scales. The pectoral and 
ventral fins are long, narrow, and pointed, and the Tcrto- 
bral colnmn extends to the end of the caodat fin, which 
ends in a point, not being two-lobed as in otlier fishes. 

The Anetralian lung-fish (Fig. 195) has hut a single lung. 
It attains a length of six feet. It can breathe either by 
giUs or lungs alone. Ordinarily it uses its gills, but when the 
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fish is compelled to'live during droughts in ihicic muddy 
water cliai-gcd with gases wliicli are the product of decom- 
posing organic matter, it is obliged to use its Innga. It 
lives on the dead leaves of aquatic grasses, etc Tlie local 
English name ia "flat-head," the native name being "bar- 
ramundt." 
The African lung-fish (Fig. 196) has two Innga. It lives 




3 in the White Nile, the Niger, and Gambia rivers, 
where it buries itself in the mud a foot deep. A similar 
Inng-fiah (L^idosiren) lives in the rivers of Brazil, and 
the closely allied Protoptervs in tropical Africa. Ceraiodus 
mates use of the lungs mainly when the muddy water is- 
saturated with gases from organic matter. 

Finally we come to those American Ganoids whoso skelc- 
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ton JB Bolid and bony. These are the garpikea and mud- 
fish. 

The garpikeB (Fig. 197) Imvo large moutha and large, 
conical, sharp teeth, and the body is encufied in an enamelled 
coat of mail. They are the terror of the Missieaippi River 
and its brandies, as they destroy all the smaller fish. The 
largest species is the alligator gar {Leptdosteus spatula). 



Via. l».~pTOU>pterut atmectent, a LuDK-floh of Africa. One third natural 



which ia sometimes nearly three yarda (three metres) in 
length, and sometimes weighing several hundred ])onndB. 
So hard is its armor, that a blow with an axn cannot pene< 
trate its back, the only vulnerable point being its throat or 
the back of its head. It inhabits the lower Mississippi and 
the atagnunt bayou3 and sluggish streams entering it. The 
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spawn reaembles that of the toad, forming long ropes sev- 
eral inchea in diameter, which are hung on old snags or 
roots. The eggs are laid in December and Jantiaiy, the 
young appearing in the spring, becoming fourteen inches 
long by the end of August.* 

• 8ee an interesting account of tliis remiirkftble fish, by G. P. Dun- 
bar, in the American IfaturaiUt for Mny, 1883. 
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Tlie mad-fish of Western and Southern waters {Amia 
cdlva) is u connecting link between the Ganoids and com- 
mon or bony fisiies. It beai'S a general resemblance to and 
is about the size of a bass. Its tail is leas " beterocei'cal " 
than timt of tlie guipike, and thus it coinea nearer to the 
bony fishes. 

Sub-Class III. — Telbostei {Bony Fishes, Perch, God, etc.) 

These are onr cominon Hijhes, of which there ai-e nearly 

ten thousand species. The bones are small and exceedingly 

numerous, a number i>f small bones forming tlio skulland 



Fto, IM— AiiaWmT of the CunD«r, male. L, lateral line: m. he&rt; Pi,_pamiAa- 
bnmchla; ^.spleen: S. air-bladder; Ki.Ki'. kidnej-; W. bladder; T^l«ttai 
A.aiina; B, brain; In, intestine; Li, Uver; <?, gtOa. Drairn b; C. 8. HlDOt. 

Bnpporting the fins, so that we may in a single fish count 
upwards of five hundred separate bones. In these fighes 
there are four gills on each side, the single gill-opening 
being covered with a lid or operculum composed of four 
thin hones. 

We would ndvise Ibe student to rtiasect a perch, smelt, or any flsh, 
with the aid of llie following dei<criplion of llie anstomj nf the sea- 
perch, which closely resembles Ihc fresh-water perch. With a pair 
of forceps, slmrp scisaors and knife the student, by the exercise of 
care, may make a very fair dissection. 

To dissect a perch Uie side-wall of the mouth must be removed, 
theatbegiU-cover; study, the arraiigemeDt of the gills. Nest make 
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an locision along the median ventral line from the level of the pec* 
toral fluatojusL before Hieaoua.iind following tlio upper edge of the 
Liody-cavitj iipwurj and furwikrd cut nway the budy-wuU, takiug 
care not to iDJure tliit l.krge swiinmiiigbliiddtir above, nor the beurt 
in front. Now opeu the pcriuai'dlal cavity, wlitch lies irnmedialely 
behind and below the gills (sue Fig. 193, //(). Out awjty the musculitr 
iiiiisses around tlie buck of tlie head; expose tlie cnvity of the brain, 
and remove the loose celluliir tissue around the bniiti. If the gills 
of one side are cut away and tlie ialestme drawn out, the dissection 
will appeiir very much as in Fig. 198. 

The cavity of the mouth widens rapidly, becoming behind the bran- 
chial clmmber or phnrynx, whence we con pass a probe outwiird 



Fia. lOB —KnMoTaj at the brain of the Gunner, <1orsal and side view. B, 01, 
olfactory lobeA; the crura and the^ialamJ not repruHial«d ; if, csrebral taein- 
tapheras; Coptic lobee; Cb. cerebellumi If, medulla. 

through any of the gill-slits. Tliere is a single row of sharp>poiuted 
leeth in front on both the under and upper Jaws; in the pharynx 
altove and below tliere are rounded teeth. At the side of the pharynx 
are the four gillslits and the four arches. The entrance of each slit 
is guarded in front and behind by a row of projecting tubercles 
appended to the arches, On the outside of each arch, except the 
fourth, is a double row of filaments, richly supplied with blood-ves- 
sels which, shining tlirough, give n brilliaul red color to the gills; on 
the fourth Bivh there U but a single row. At the upper aod posterior 
corner of the pharyui is the small opening of the short (esophagus. 
The branchial chamber has an upward extension on the sides of 
ifUich lie the false gills (A), which are accessory respiratoir oiwaus 
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not connoted with Ihe gills proper, and receiving tlieir blood -supply 
from distiuct arterk'S. 

The cesophagua dilates almost immtdialely to furtu the atomach 
(partly coocenled iu the figure hj the liver, Li), which Is hardly 
tliickcr tliaa the ititestine (/n). Tliis last is of nearly uniform size 
tliroughoul, anil after making three or four coils terminates at the 
auus, immediately in front of the urinary and genital apertures. 
The liver (Li) forms an elongated liglil-brown mass restiug upon the 
stomach. Tiie elongated gall-lilaiidtr lies between the liver iitid 
itomach, somewhat imbedded iu ihe subatance of Ibe former. There 
is DO pancreas, though it is present iu some fisljes. The spleen (Sp) 
lies between the stomach and intestiue, iu the iiieseulery; it is dark 
reddish-brown in color. 

The air bladder (S) is a single large glistening sac, placed In the 
dorsal part of the body-cavity. Tbe air-bladder do rmally contains 
only gnsea. It conceals most of the kidneys, wbicb extend tbe 
whole length of tbe body-cavity on either 
side of the middle line, as two l<>rig strips 
of a deep though dull red. Tlicy project 
beyond the air-bladder in front (Kij and 
Itehind (Ki). 

The ovaij is single, and varies greatly in 
size according to the season. In the male 
the sexual glands (testes) arc doubia 
The heart (fli) lies in the triangular pcri- 
. cardial cavity; itconfdstsof two portions, 
the dark colored venous cliamlwr, or auri- 
cle, above, and tbe lighter-colored arterial 
chamber, or veulriclu, lielow. The auri- 
cle receives from above two largt veins, 
one from either side; these veins are called 
theCuvierian ducts. Furthermore, a Inrge 
^"thmiih^e^m^lB^"^ ''^'°. ^^"^ *<*'* representative of the ie«« 
body of s Gunner. Drawn cata of higher vertebrates, passes from 
by C. S. Mfnot. ^^^ \yvr:t, near its anterior end, llirough 

Ibe pericardium, and empties Into the Cuvierian duels near iheir 
common auricular orifice. 

The brain should be exposed from above by carefully removing by 
n knife the skin and thin bouea covering the brain-cavity. Begin- 
ning iu front, we notice the miuute olfactory lobes and the olfactory 
nerves proceeding to the naaal cavitiea. Behind the olfactory lobes 
lie In succession the osrAraX /iemup!urei {II), optic lobe* (C). the sin- 
gle eerO^um (G6). and. lastly, tbe ToedaUa oblonyala (M). 
A general idea of the two body-cavities, the nervous and Tteceral, 
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will be obUined by culling the flsb Uirough tmnsvereely. The ner- 
vous cord i* Been to tie above tlie veriebrat columu. llie nervous canai 
being formed bj Ihc ioterarcbing Hpioous process. Below tbe ''^rle- 
bml column is tlie large caviiy containing thu benrt, Momacb, jtc., 
while tlie rest of tlie section is occupied by muscles, (C. S. Hinot) 

The noises produced by-certain fislios are duo to the 
action of the pneumatic duct mid Bwimming-bladder (Fig, 
301, S, S'), though different kinds of noises are mnde acci- 
dentally or involuntarily by the lips or tiie bones of the 
month, as in the tench, carp, and a large number of other 
fishes. Over fifty species of fish are known to produce 
sounds of some sort. The swimming-bladders of Triglaaai 



Zeus have a diaphragm and mnscles for opening and clos- 
ing it, by vhich a murmuring sound is made. The loudest: 
sounda are made by the drum-fish. In some minnows, 
pouts, and eels the sound is made by forcing tlie air from 
the swimming-bladder into the oesophagus. In the sea- 
horse, the sounds are caused by the vibrationp of certain 
small voluntary mnscles. 

The mud sun-flsh (Acanfharchus pomotis) utters a deep 
grunting sound ; the gizzai-d ehnd {Dorosoma cepediamim. 
Fig. 202) makes "an audible wliirring sound;" the chub- 
sucker or mnllet {Erimyzon oUongum) "utters a single 
prolonged note accompanied by a discharge of air-bubbles;" 
the cat-fish produces "a gentle humming sound;" eels 
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otter a more distinctly musical sound than any other of 
those observed by Abbot, who stutes that "it is « single 
note, frequently repeated, and has a slightly metallic reso- 
nance." It should also be noticed that the organs of hear- 
ing in many musical fishes are said to be unusually well 
developed, hence these sounds are probably love-notes; and 
Abbot notices the fuct that these fislies are dull-colored 
during tJie reproductive season, as well aa at other times, 
while voiceless fishes, such as the perch, common sun fish, 
chub, roach, etc., are highly colored during the breeding 



Tto. 303^— Gizzard Slud. 

season, and thus the sexes are mutually attracted in the 
one ease by music, and in the other by bright colors. 
Finally, the sounds of fishes may be compared with those 
of reptiles, birds and mammals, the air-bladder correspond- 
ing to the lungs of the higher Vertebrates, while the pneu- 
matic duct is comparable with the trachea of birds and 
mammals. 

In swimming, the propelling motion is mainly exerted 
by the tail, the movements of which are somewhat like 
those of an oar in sculling. The spines of the tail-fin are 
movable, and are capiible of being brought into such a 
pogiiion that the fin will meet with less resistance from the 
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water vhile the tail is bent; they are then straightened, and 
it ia 'when being straigiiteneil that the fish is propelled. 
The movements of the pectorals and ventrals are to ateady 
the fish and to elevate and depress it, while the dorsal and 
anal fins steady the body and keep it upright, like a dorual 
and ventiiil keel. 

Among viviparous bony fishes are certain Cypi-inodonis 
(as Anableps and Pwcilia), the eel-liko Zoarces, and the 
blind-fisli of the MammoLh Cavo. A Email family of Cali- 
fornian nnirinc fishes, resembling the sun-fish (Pomotis), 
are called by Agitssiz EmbiotoddiB, from tlio fact that they 
bring forth iheir young alive, Embiotoca Jacksoni Agaesiz, 
which is twenty-seven and a half centimetres (10^ inches) 
long, has been known to produce nineteen yonng, each 
about BBTcn and u half cenunictres (3 inches) long. 

During their brooding season, many bony fishes, sneb as 
the sticklebnck, calmon, and pike, are more highly colored 
than at other times, the mules being especially brilliant in 
their hues. 

(htDKRa OF BONT FiSHBS. 

Order 1. Body long; ventral flos 

eitiier abdominal or waiitiDg. . . Optiihomi (NotacanthusX 
Order 3. Body long, snake-like, 

no ventral flns .....Jp('^(AngulIla, Eel). 

Orders. Body broud; lips with 

barbels IfeTnatogtiaOiHAxaiarue, Pouts). 

Order 4. Bi>dy more or less ob- 
long (in African rivei-s) Scyphophori (Hormyms). 

Order 6. Body usually cnm- 

pressed; all tbe bones aod flns 

-well developed Teltocepliali (^\ma, Perca, Oadue). 

Order 6. Head and mouth very 
' large; pectorni flns supported 

by slender bones Pedieitlati (Lopbiua, Qoose-flsh). 

Order 7. Gills tufled; body long 

and slender Lojiltobranehii (Hippocampus). 

Order 8, Booes of upper and lower 

Jaw united; often rounded and 

spiny PlectogTUithi(^elToAoTi, Hola), 

>og[c 
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Order 1. Opisthomu — In tlieae fisliea the Tentral fina 
are either abdomiiiul or wanting. The typiciil geiinB is 
Noiocanthus, in vhich the body is elongated, with a pro- 
boscis-like BllOllt. 

Order 2. Apodes (Eel). — The branchial apertures are 
nnuBually smull, and there ai'e no ventral fins, while the 
body is very long, cylindrical, snake-like. The conger-eol 
{Conger oceanicm) ranges from Kewfonndland to the West 
Indies. 

The common ocl, Anffuilla acutirostris (Fig. 203), occurs 
on botli sides of the Atlantic, on the Xorth American coast 
as far south as Gape Hatteras, and in ioland rivers and 



Fia. EOS,— Cominon Eel, AnguOIa aevtimtrit. 

lakes. The males are extremely rare, only four having 
been found in this country. It is probable that the et'l 
descends rivers in October and November, spawning in the 
autnmn and early winter tit the mouth of rivers, and in 
harbors and estuaries in shallow water. By the end of the 
spring the young eels are two or three inches lung, and then 
ascend rivers and streams. They grow aboat an inch a 
month, and the females do not spawn at least before the 
second year, i.e., when about twenty inches 1 . ^. Mr. 
Mather estimates that the ovary of an eel weighing six 
pounds when in spawn contains upwards of 9,000,000 
eggs. 

Order 3. Nematognathi (Cnlfish, Pouta, etc).— The 
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name of the order (from v/;;jar, v^fjaros, thread, and 
yvaOoS, jaw) is in allusion to (he filamenta or barbels 
growing out from the jaws, and which are chantcteristio of 
the meinbere of the group. 

The horned pout {Amiurus atrariun) lays its eggs in 
holes in gravel during midsumnier. The Great Lake cat- 
fish is sometimes a metre in length. 

In certain Siluroid fish in tropical Boas, aa AHtts (Fig. 
204), the eggs are carried by the males in their mouth, from 
Hve to twenty being thus borne about until the young hatch. 
They are probably caught up after exclusion and fertiliza- 
tion. Some of these eggB luro half an inch in diameter. 



In Aspredo (Fig. 205) the eggs are attached to the out- 
side of the body by slender stalks. 

Order 5. Teleocephali {cod, perch, tront, etc.). — This 
group comprises most of the bony fishes; and they are the 
most specially developed of all fishes. 

Bc'ginning with the lower kinds, we have the electrical 
eel (Qymnolus elecirivus Linn.) of South America, which 
is two metres in length, and is characterized by its greatly 
developed electrical batteries. Tiiese are four in number, 
gitiisted two on each side of the body, and together form 
nearly the whole lower half of the trnnk. The plates of 
the cells are vertical instead of horizontal, as in the tor- 
pedo, while the entire batteries or cells are horizontal, in- 
stead of vertical, as in the electrical ray. The nerves sent 
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to the batteries of the eel are supplied by the ventral 
branches of aboat tvo hundred pairs of spinal nerres. 

Succeeding these fish are the hcnings, represented by 
the common English herring, Clupea karengus, which in- 
habits both sides of the North Atluntic, extending on the 
American side from the polar 
regions to Cape Cod; thealewife, 
Pomolobus pseudoharengui, 
which rjinges from Kewfound- 
land to Florida; ihe&h&A, Alosa 
sapidissima, wliicli has the same 
geographical distribution as the 
alewife; luid the menhaden or 
pogy, Brevoortia tyrannus, 
which extends from the coast of 
Miiine to Cape Hatteras. These, 
with the cod, hake, haddock, 
Falmon, and a few other species, 
comprise our most valuable ma- 
rine food-fishes. The fisheries 
of the United States yield about 
♦44,000,000 annnally, whilst 
thoEe <if Great Britain amount in 
value to about #40,000,000, and 
those of Norway to about $10,- 
000,000. 

The herring (Fig. S06) is a 

deep-water fish which visits the 

Fi<,,m-^v«rf».a8ii«rai<iiteb,''oafit in ^P'-i"g in immense 

attftchod brrieiidIj!?2i2^i'kS ***" schools, in which the females are 

three times as numerous as the 

males, to spawn, selecting shoal wjiter from three to four 

fathoms deep in bays, where the eggs hatch. At this 

season, and earl; in the summer, hundreds of millions are 

caught, especially on the Canadian, Newfoundland, and 

Ijabrador coasts. The English whitebait is the young of 

the herring. The herring is caught in deep nets with 
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meBlies large enough tu eaptiire individuals of ordinary size, 
tbe nets having a tiuei' mesh than those used for the mack- 
erel fishei-y. 

The alewife and shad are said to be anadromous, from 
their habit early in spring of visiting the coast and ascend- 
ing rivers in vast numbers to epawn. Tlic eggs are of mod- 
erate size; the ovaries are said to contain about 25,000, and 
at times as many as 100,0oO or 150,000 eggs. They are dis- 
charged n.'iir the surface, sinking slowly to the bottom. 
The shad eats little or nothing in fresh water, being then 
engaged in spawning. In the sea they live on sniitll shrimps. 
The menhaden is now put up as a substitute for sardines, 
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and is of great value as fish-bait, especially in the mackerel 
fishery, and for its oil. 

Tbe family Salmonidce comprises the salmon; tront, and 
whitoGsli, with a number of species and varieties. The 
species of the genns Salmo have not more than eleven rays 
to the anal fin, while the salmon of the west coast, quinnat, 
has fifteen or sixteen anal rays. The eastern salmon (Salmo 
salar) sometimes weighs eighty pounds. It is common to 
Europe as well as Northeaatem America. In the antnmn 
the salmon ascends rivers to spawn, penetrating as near 
ihe source as possible. Dnring the breeding season the 
males difEur decidedly from the females, in the long, slen- 
der, hooked snuut, the body being thin and high-colored. 
The eggs are very large, exceeding a pea ip size, and or^ 
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laid in ehallow holes made in tlie gravel of streams. The 
extreme young is banded and called parr; wlien about a 
year old, and of a briglit silvery color, before descending 
the rivers to the sea, it is called a amoU; after its return 
from the sea into fresh water it gofs by the name otgriUe; 
and finally, after returning a second time from the sea, it 
assumes its name of salmou. The trout (Salmo foniinalis) 
also breeds in the autnnin and curly winter; It is not mi- 
gratory, living permanently in streams nnd ponds. 

An allied family embraces the smelt (Fig. 207). The 
capelin {Malloitts mllosus) is valunble as bait in the cod 
fishery. It spavfua in the summer. The males are distin- 



Fio. 907.—^^ Smelt, Oameme mordax; one bait natural size. 

gnished hy a prominent lateral ridge along the sides of the 
body, and are mora numerous than the females. 

The carps {Cpprimis), sbincis, and minnows abound 
everywhere in the Nurtborn States in ponds and weedy 
□treams. The breeding habits of the dace (Rhinichthjfs 
atronasus) are interesting. The females spawn over " nesta" 
or shallow depressions iWo feet in diameler in running 
brooks about a foot deep; the male passes over the eggs fer- 
tilizing tbem; then tbc pair bring small pebbles which are 
dropped over the eggs, until layer after layer alternately of 
eggs and pebbles are deposited, when a heap is foi'med, the 
young hatching out and remaining among the pebbles until 
old enough to venture out into the stream. The dace is 
closely allied to the chub {Scmolilus rftotheus, Fig. 209). 

Klglf 
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StiGceeding tTiem are the snckere (family Catoatomidm) ot 
which Catostomus teres is an example. 

The blind f5sh of the Mammoth acd other oavea, and of 
adjoining wells connecting with subterranean streams,, are 
remarkable for the rndimontary state of the eyes, and con- 
sequent losH of color. There uro bnt two species, the more 
common and hirgor being Amilyopsia spelaius; this syiecies 
is viyiparoits. Representing the family UmbridtB is the 
mud-minnow {Melanura limt. Fig. 208). 

The flying-flsli represent another family. Their pectoral 
fi'is are very broad and large. Tliej dart from the watfir 
with great speed without reference to the course of the wind 
and waveB. They are said to make slight flying motions 
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with their pectoral and ventral fins, very rajiid vibrations 
hoing seen in the ontstretched pectoral fins. They usually 
fly farther against the wind than with it. or if their track 
and the direction of the wind form an angle. Most flying- 
fish which fly against or with the wind continue in their 
whole course of flight in the same direction in which they 
come out of the water. If in strong winds they fly against 
the course of the waves, then they fly a tittle higher; some- 
times they cut with the tail into the crest of tlie waves. 
Only such flying-fish rise to a considerable height (at the 
highest, by chance, five metres above the surface of the 
sea) whose conrao in the air becomes obstnicled by a vessel. 
In the daytime flying-fish seldom fall on the deck of the 
ship, but mostly in the night; never in a calm, but only 
when the wind blows. 
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Following tlie flying-fish is the family represented by 
the silver gar or bili-fish (Belone longtrostrus Mitcliill, 
Fig. 210). 

The sucker (Eckeneis remora Linn.) occnra along the 
whole coast ol the Uuited States, and is found all over the 



FiQ. an.— The Large Chub, aemotUut rhotheta, one fifth natural size. From 
Abbot. 

tropical and subtropical seiia. It is provided with a broad 
oval sucker on the upper side of the head, by which it ad- 
heres to other fish or even to ships, and may thus be trans- 
ported long distances. Another noticeable member of the 
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order is the blue-fish {Pomatomus saltatrix, Fig. 211), 
80 valuable as a food fish. 

The dolphin {Coryphmnn) is sometimes found upon our 
coast, but it is essentially a pelagic fish, i.e., occurring only 
out of sight of land upon the high seas. The pilot-fish ia 
also a pelagic form. 

The percoid fishes are represented by the perch (Perca 
jiuviaiilu), which spawns in winter, making slight hollows 
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\a the gravel in shoal places in pouds; their moTements can 
be watched ihroiigh the ice. On the other hand, the san- 
fish or bream {Eupomotis aureus) spawns in tlie summer 
time, making a nest, which it scoops oat of the river bot- 
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torn. The banded sun-fish {Mesogonistiua chestodon) occa- 
sionally scoops out a little basin in the sand, in which it 
deposits its eggs late in the spring. The spotted sun-fish 
(Enneacanthus obeaua, Fig. 313) lives in mnddy streams, 



Fib. ai£.— The Sl>o««d SunHah, Smttaeanthut obeni*. 

bnrying itself in the mud in winter. Of similar mnd-lov- 
ing habits is the mud-minnow {Melanura Hmi Agassiz), 
which spawns in the spring. The pirate perch {Aphredor 
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derua sayanus De Kay) occnpiea the nest of the common 
Euu-fish, uiid with the female guards it iitid afterwardB ho 
young till they are nearly a. centimetre (two-fifthe inch) in 
length, when they ai'e left by their parents. (Abbot.) 

The dai'ters^ Etheoslomidm, belong near the perches, and 
comprise the smallest of tishea. They inhabit the etreama 
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of the Mississippi Valley. A common example is the sand- 
darter {Pleurolepis pellucidua, Fig. 313). 

The male stickleback {Oaslerosieus) makes an elaborate 
nest of leavse, etc., suspended in mid-water, within which 
it remains watching the eggs and young. 

One of the most valuable food-fishes is the mackerel 
{Scomber scombrus, Fig. 21i), whose range is from Green- 
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land to Cape Hatteras. It remains in deep water daring 
the late antumn and winter, approaching the coast in May 
and June for the purpose of spawning, its annual appear- 
ance being very regular. The number of eggs deposited in 
one season hy each female is said to be from five to six 
hundred thousand. After spawning they move northward, 
following the coast until they are checked by the coolness 
of the water, when they return, and in November seek tJi9 
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deep water again. Wlieti spawning thej do not take the 
hook; they are then lean; but at the time of their depart- 
nre from the coast tliey are fut and plump. The egga of 
the mackerel as well as of the cod are so light as to rise to 
the enrface, where they develop. Allied to the mackerel, 
though of great size, are the horse-mackerel and the sword- 
fish, whose npper jaw is greatly prolonged. 

The singular Anabas of the East Indies is the represen- 
tative of a small group of fishes culled Labyrinthici or laby- 
rinth-fishes, in allusion to a cavity on the upper side of the 
branchial cavity on the first gill-arches, containing a laby- 
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linthine organ, which consists of thin plates, developed 
from the upper pharyngeal bones, enabling the fiah to live 
for a long time out of water. Anabas scandens, of the 
fresh waters of India, will travel over dry land from one 
pond to another, and is even said to climb trees by meaoB 
of the spines in its fins. 

Near the head of the order stands the dinner (rnM/ojro- 
labrus adspersus), whose anatomy is represented by Pigs. 
198-200. Passing over the tautog, the voracious wolf-fish 
(Anarrhichas), the blennics (Blennidee), in which the body 
is long and narrow, and the viviparous eel-pout (Zoarces), 
the cottoids or sculpins, and a number of ^ed, forms, .W9 
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come to the hnke (Merhmus bilinearia), the haddock {Me- 
lanogrammn.i (Bglefinus, Fig. 215), and cod (Qadus morrhua 
Fig. 316), all of which extend norlhwards from Cape Hat- 
teras, the cod abounding on both sides of the Atlantic, 
being acirciimpiiliir fish. The cod does not, ai formerly 
supposed, migmte :ilong the coast, but seeks the cool tem 
perature to which \l is adapted by griLdnally passing in tlio 
early summer from shallow to deep water, and I'eturning as 
the season grows coldL't, It vieitB the shallow water of Mae- 
aachnsetts Bay' to spawn about the first of NoTcmber, and 
towards the lust of the month deposits rts eggs. Abont 
eight or nine million of eggs are anuuallT deposited by each 



Fm. SIS.— The Cod-flah. Qadta morrhua, 

female. The eggs laid by the cod inse to the snrface of the 
water, on which ihey float. The young fish hatch on the 
New England coast in twenty days after they are extruded. 

The cod is the most important of all the food-fishes, 
whether we consider the number taken or the amount of 
capital involved in the cod-fisheiy. It abounds most on 
tho Grand Banks of Newfoundland. The breeding habits 
of the haddock, hake, and pollock are probably like those 
of the cod, 

Merasfer is a small eel-like fish, with a long, thin tail. 
It is typical of a peculiar family, and is noteworthy from 
being a "commensal" or boarder in the digestive canal o( 
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Holotlinrians, etc F. acua lires in Holotharians, and 
another species in a b tar-fish. 

At the liciid of the TeleocepJiali stand the flounders, hali- 
bnt, and solea, which are an extremely modified type ol the 
order. In those fishes the hody is very an symmetrical, the 
fiah virtually swimming on one side, the eyes being on 
the Hpiicr siJo of the head. The upper side is colored 
dark, due as in other fishes to pigment-cells; the lower side 
18 colorless, the pigmeiit-cellB being undeveloped. When 
first hatcbed the body of the flounder is symmetrical, and m 
form IS somewhat cylindrical, like the young of other fishes, 




swimming vertically as they do, and with pigment-cells on 
the under side o( the body. The flounder is not born with 
the eyes on tlie same side of the head, hnt ong eye gradu- 
ally passes from the blind to the colored side; the transfer 
of the eye from the blind side to the colored side occurs 
veiy early in life, while all the facial bones of the sknll are 
stilt cartilaginoiix, long before they become hard and ossi- 
fied, i.e., when the flounder (PlaguBia) is twenty-five milli- 
mctras (one inch) .ong. Tonng flounders, when less than 
two inches in length, are remarkably active compared 
with the adulte, darting rapidly through the water after 
their food, which consists principally of larval surface- 
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swimmitig crastaoeans, etc. The common flonndcr from 
Kova Scotia to Oape Katteras is Pseudopleuronectea Ameri- 
canus. 

Order 6. Pediculati. — The type of this order is the goose- 
fish. The name vaa giTen to tho group from the long 




Fio.BlS.— Young Anglera at different ises. After LUtken. 

sleuder bones euppot^dng tlie pectoral fins. The gill-opeD- 
ings are small and placed in the axils of the pectoral fins. 
Lophius piscatorius, tho goose-fish or angler (Fig. 217) 
has an enormoas month, and swallows fishes nearly as large 
as itself. Its eggs are laid in broad, ribbon-like, thin, 
gelatinoua masses, two metres long and half a metre wide, 
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which float on the surface of the ocean. To this order be- 
longs also the toad-fish (Fig. 219). 

Order 7. LophobrancMi. — The tufted-gilled fish — snch 



FiS. aiB.— Toad -llBh. After LCtkan. 

being the meaning of the name of the order — comprise 
the pipe-fish and sea-horse. 

The male of the pipe-fish {Syngnathus peckianua) re- 
ceives from the female the eggs, aad carries them in a 



Fra. aao.— SeB-horsB, male, with the young laauing fr 



small poach niidei' his toil, which is grooved beneath. 
The sea-horse {Hippocampus htidsonius, Fig. 230) lives off- 
shore from Uape Cod to Gape Kattcras. The male has a 
poach sitnated on the breast. By simple mechanical pres- 
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rare of its tail, or by rubbing against some Ssed object, as 
a ahell, it forces the fry, to the nnniber of about a thou- 
sand,, out of its brood-pouch, tlie young at this time meas- 
nring about twelve millimetres (5-6 lines) in length. 

Order 8. Plectognathi. — This group, represented by a 




lis. m.— SDD-fldi, ilola rohmda, one elttbteenOi natunl sba. 

few singular forms, such as the trunk-fish, filc-fisb, pnfFera, 
and sun-fish, is characterized by tlie union of the bones of 
the upper and especially the lower jaws. The ventral fins 
are usually absent, and the skin is often spiny. They are 
inhabitants of warm waters. The tnmk-fish or hox-flsh, 

oogle 



TBE MURYPSARYNX. 176 

Lactophrys trigonus, is a West Indian fieh; one specimen 
has appeared at Holmes' Hole, Mass. The porcnpine-fisli 
{Chilichthys turgidus) and emooth pnffer ( Teirodon laviga- 
/im) and 'the spring boi-fisli {Ckilomycterits geometricus) 
range from Cape God to Florida. The aun-fiah {Mola ro- 
tunda. Fig. 331) is, like the others of the order, a snrface* 
swimmer. It is sometimes a metre or more ia length, 
weighing five hundred pounds or more. 

Avery strange fish of unknown affinities is the Eury- 
pharynx (Fig, 333), which was dredged in the Mediterra- 
nean Sea at a depth of 2300 metres (1300 fathoms). It is 



Fio. iS2.—Eu,Tyiilta,Tynapeltea-ru)idtt. Titaa Lfliken. 

.VI metres (18 inches) long, with an enormous month; it 
is without fins, and it differs from all other bony fishes in 
having six pairs of internal branchial slits and consequently 
five pairs of gills. 

Class V. — BA.TRKcmiL (Salamanders, Toads, and Frogs). 
General Characters of Batraehians, — We now come to 
air-breathing vertebrates, with legs and lungs, and with ribs. 
The Amphibians, with the exception of the toads and frogs, 
are often mistaken for lizards, but the skin is always 
smooth, not scaled iis in true reptiles, and the toes are not 
provided with claws. Tliese animals ai'e culled Amphibians 
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because tliej livo a pait of their lires in the water. All 
Amphibians, with very rare exceptions, pass through u 
metaniorphosis; the yonng or larvie are called tadpoles; 
their form is fisli-like, as thej bi-eatlie b; external gills, and 
do not at first have legs. 

An examination of the skeleton shows that tho ekiill re- 
sembles thitt of the higher rcrtebrates in being composed 
of few pieces, while there are short ribs, and a trne shoulder 
and pelvic gii-dle to which tho limb-bones are joined. The 



Fia. ns.— Skeleton of a Frog. a. skull: (. vertebnei e. s*cmm. uid (. Its eon- 

tibuaUoQ (urMtyle); /, aupraacapula; o, bumeniB; A, fore-onn boneft: i, 
wIls^boDeH (carp&lB and metacarpala) ; d. Ilium; m, thigh (femur); n, leg- 
bone (ulna); o, elongated Bret pair of anUe-boaea (tanalB); p, g, toot-bODe* 
or phalangea. After Owen. 

heart is 3-chambered, there being two anriclos and one 
ventricle. 

Like fishes, Batiachions are highly colored in the spring 
during the breeding seaHon. The males of the newts at 
this time acquire the doisal crest and 8 broader tail-fin, 
while in some species prehensile claws are temporarily de- 
veloped on the fore-legs of the male. Male toads and frogs 
are musical, the females being comparatively silent; the 
Tocal organs of the male are more developed than in the 
females, and in the European edible frog large sues for 
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producing a greater Tolnme of sonnd swell out on each side 
of the head of the males. Among the few Tiviparons B> 
trachians known ia an Alpine European salamander 
(8. atra) vhich brings forth its young alive. 
Unlike jonng fishes, the yolk is entirely absorbed before 



Fio. Wl—AxoMI, or larval Eiolami 

>. . J 1 , r. ., „ imnnarv artarlwi: od. ^ j , _, 

orlslaale; bb, braa- 



the tadpole leaves the egg. In warm climates Ihe tadpoles 
hatch in fonr or five days after the eggs are laid. When 
hatched the tadpole is not so well developed as in most 
young fishes. The digestive canal at first is simple and 
straight. Afterwards it becomes remarkably long, and 
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coiled in a close spiral. The mouth is small (Fig. 225, A), 
with no tongue and only horny 
toothlesH jawB. The vertebne of 
the tadpole are biconcave as in 

f fishes, afterwards becoming eon- 

Terted intocnp-and-ball joints. 

The accompanying fignres rep- 
resent the external changes of the 
toad from the time it is hatched 
until the form of the adult is at- 

*" tained. ThetudpoJeeof our Amer- 

ican toad are smaller and blacker 

j in all stages of growth than those 

of the frog. The tadpole is at 

first without any limbs (Fig. 236, 

ite. ses.— Uouth aod digeetiTe A), and with two pairs of eills: 

canalofaTadpole, ^, mouth; .l . j ■ . -i . 

b, intextine colled oa iiseit; e. soon tbe hinder pair bud out. 

^i^':''/!'*rSdimeD£iV'^d After this Btflge {B) is reached, 

iegB;(t,reccuin. ^^ •^^^ begins to diminish in 

size. Then the fore-legs grow out {(?); and finally, as at D, 

the lail is mostly absorbed, and at .? we see the little toad 

which hops about on the bank. 




Fia. Sae.— Different atoges of the Toad. 
There are nearly 700 species of tliis class now living, of 
which 101 are North American. 

The Batrachiaiis arc an old-fashioned type; certain fossil, 
extinct tailed forms were as large as whales, being over 
hirty feet in length. 
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Okdbbb of B&trachia. 



1. BodjloDg, eel-like, with gilli, no bind 

legB Tiite/iyntomaia (Siren). 

S, Budj fiat, witli gilla, four luga iVvfttJfa (Mud-puppj). 

8. No gills In adult lite Drorfeia (Salamiiiiders). 

4. Body enahe-like; no Feet, no tail QymnopMonalfiWaAQtaAtf). 

5. Tuillesa, with four legs, long toes; 

great leapers; youug tailed jlnura (Toads, Progs). 

Order 1. Trachystomata (Sirens). — Tiiese stngiiliir crpa- 
tures are eel-like in their form and muvomentB, with gilla 
on the sides of the head. They have no hind legs, and the 
small weak fore-legs are three- or foar-toed. The great 
siren, Siren lacertina, is two or three feet in length, and 
is four-toed. It lives in swampa and bayous in the South- 
em States, especially rice lands. It lives in the mnd, going 
on land or swimming in the water. Its food is supposed 
to be earth-worms, insects, etc. A smaller siren, 9 inches 
iu length with throe toes and small gills, is the Pseudo- 
branckus striattis. It is found in Georgia. 

Order 3. Proieida (Proteue; Nectnrua, mud-pnppy). — 
These Amphibians are flat-bodied, with bushy thick gills, 
of a beautiful deep red beneath, with gill-openings, while 
the jaws are armed with email conical teeth. 

The Proteus of Austrian caves is blind; it has three toes 
in the fure-teot and two in the hinder pair. Onr American 
Pi-otean is four-toed on all the feet. The mud-puppy or 
Menobranclms {Necturus lateralis) is a large, broad, flat- 
bodied, fish-like creature. It is brown, mottled with darker 
^Bpots; it has small eyes, and is from 8 inches to 3 feet in 
length. It inhabits the Mississippi Valley, and is common 
in the lakes of Central New York, where it is caught with 
the hook and line. It is easily kept in confinement, eating 
bits of meat. 

Order 3. Urodela (Salamanders, Newts). — These tailed 
Amphibians rarely have gills when matitre, these organs 
in them being larval or transitory. The body is still long 
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and fish-like, the tail sometimes witJi a caudal fio as in the 
newts, but usually rounded, while the four legs are always 
present. One or two of the ealamunders living away from 
water bring forth their young alive; bat as a rale Balaman- 
ders lay their eggs in the water. The eggs of the newt 
(Triton) are laid singly on submerged leaves; those of the 
spotted newt are al.-'o laid singly on the leaves of floating 
plants. Those of Demnognathns are laid connected by a 
tough thread on land. The common red-backed salaman- 
der,- or Phthodon erythronotum, lays its eggs in summer in 
packets under damp stones, leaves, etc. ; the young are born 
witli gills, as is the case with the viviparous Salamandra 
atra of the Alps. Tliis species is said by John Burroughs * 
to make a "fine plaintive piping noise, heard from May till 
November through all our woods, sometimes on trees, but 
usually on or near the ground." 

The lowest form of this order is the aquatic Congo- 
anake (Amphtumn mean"), in which the body is large, 
very long, round and slender, with small ludimentary 
two-toed limbs; there are no gills, though sjiirucles or gill- 
openings survive. It Jives in swamps and slnggish streams 
of the Southern States. 

A step higher is the Menopoma, which is still aquatic, 
but without gills, while the body and feet are as in the 
true salamanders. The Menopomn Alleyhaniense (Fig. 227), 
called the hellbender or big water lizard, is about half a 
metre (14-2 feet) in length, and inhabits the Mississippi 
Valley. Allied to the Amphiuma is the gigantic Japanese 
salamander, Cryploiranchus JapotiicuB, which is a metre 
in length. 

We now come to the true salamanders, whose body is still 
tailed, with larger eyes; there ui'e no spiracles; they breathe 
exclusively by their lungs, except what respiration is car- 
ried on by the skin. 

The genus Amblystoma comprises our largest salamanders; 

•"Pepscton." Boston, 1881. p. 188. 
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they are terrestrial when adult, lifing in damp places and 
fading on insects. The Lirvse retain their gills to a period 
when tbey are as large or even larger than the parent. The 
most interesting of all the salumanders is the Ambli/stoma 
mavorlium, whoso larva ie catlled the axolotl (Fig. 328). 



FiQ. Si7.— Skeleton of the hell-bender IJItnopoma). From L.I)tl[ea'B ZooIokj'. 

This larra is larger than the adult, which lives on land, 
sometimes being about a third of a metre (13 inches) in 
length, the adult being twenty centimetres (8 iiiehee) long. 
Theaxolott or sircdon abounds in tlie jiikcs of the Rocky 
]tfonntain plateau from Montana to Mexico, from an alti- 
tude of 4000 to 8000 or 9000 feet; the Mexican axolotl be- 
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iiig of a different species, thongli closely allied to tliat of 
Colorado, Utah, and Wyoming, The Moxicans used the 
animal as food. Jjube in the snmmer the sirodons at Como 
Luke, Wyoming, where we have observid tlieni, transform 
in large nambers into the adnlt stage, leaving the water 
and hiding ander sticks, etc., on lund. Still larger num- 
bers remain in tlie lake, and breed there. Ilioiieands cf 
the fully-grown siredons are washed ashore in the spring 
when the ice melts. They do not si)pear at the sni-face of 
the lake nntil the last of Jnne, and disttppcar out of sight 
early in September. The eggs are Uid in masses, and are 
two millimetres in diameter. , 
The change from the larva to the adult consists, as we 




no. ass,- SlredOD or larval Sal&maailer. From Tennay'B Zoologr. 



have observed, in the absorption of the gills, which disap- 
pear in abont four days; meanwhile the tail-fins begin to 
be absoi'bed, the costal grooves become marked, the head 
grows smaller, the eyes larger, more protiibenuit, and the 
third diiy after tlie gills begin to be absorbed the creature 
becomes dai'k, spotted, and very active and restless, leav- 
ing the water. Their metamorphosis may be greatly re- 
tarded and possibly wholly checked by keeping them iu 
deep water. 

Experiments made in Europe show that the legs and tail 
of the aiolotl, as of other larval siilamanders, maybe repro- 
duced. On cutting off a log of un axolotl the first of 
November, it was fully reproduced, though of smaller size 
than the others, a month later. The tail,"if partly re- 
moved, will grow out again as perfect as ever, vertebne 
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and all. The larva lays eggs as well as the adult sala- 
mander. 

The Tritons or water-newts, represented by our common, 
pretty spotted newt, Diemyctylua virideeeens, are ^so 
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via. JSe.-Head and toU end of blind-snake (Oacata). From LQtkeD'a Zoology. 

known in Europe to lay egga when larTse, when tlie gills are 
Btill present, as has been observed by three different natn- 
ralists. The female larva of another European salamander 
{Lissotriton punvlahts) has also been known to lay eggs. 
Order 4. QymnopMoiia. — The blind snake with its sev- 
eral allies is the representative 
of this small but interesting 
order. The body is snake-like, 
being long and cylindrical; there 
are no feet and no tail, the vent 
being situated at the blunt end 
of the body. The skin is smooth 
I externally, with scales embedded 
in it, but with scalo-like trans- 
verse wrinkles. The eyes are 
I minute, covered by the skin 
(Fig. 229). The species inhab- 
it the tropics of South America, 
Java, Ceylon, and live like 
earthworms in holes in the 
damp earth, feeding on insect 
„ larvsa. They are large, growing 

Tio. 2», -Young of Cffcfldi, with , , ^ - , _X_ ^ ... 

the giUs, ■□dThead at the same several feet in length. VfdClha 

Borbed. rrom Lfltkea'a Zooio- lumiHcotdes inhabits South 

^' .America, Cmeilia compressi' 

Cauda of Surinam is viviparous, the young being bora in 

water and pOseesaing external gills which are leaf-shaped 
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sacs resting against the sides of the body; vhen the animal 
leaves the water they are absorbed, leaving a scar (Fig. 230). 
Siphonops MeoBicana is a Mexican form. 

Order 6. Anura (Toads and F topaJ. — These are the tail- 
leas Batrachians. . Froga either live in or by the edge of 
pools and brooks, and when attacked on laud they can by 
Tigoroua leaps escape to a place of suiety. Unlike other 
Amphibians, they are powerful leajrers, the legs being mua- 
oulsr, and their toes very long. The lower jaw is nsnally 
toothless. The lame are called tadpoles, and represent 
the permanent, adult form of the salamanders. The 
mouth of tadpoles (Fig. 335, A) is small, almost minute, 
the lips armed with horny plates. They nibble dead leaves, 
while the mature animal has avery large month with teeth, 
and is carnivorous. The transformation of form of the 
mouth and digestive organs is as remarkable as in the but- 
terfly. 

Among the lower fi:^^ are certain tropical forms, as 
Alytes, Pelobates, and Pelodytes, whose breeding habits are 
peculiar and interesting. The eggs of Pelodytes are de- 
posited in small clusters in the water, those of Pelobates in 
a thick loop. The male of the European Alytes obstetricana 
winds a string of eggs which it takes fi'om the female, and 
goes into the water, where it remains until the young 
(which have no gills) are hatched. The American Scaph- 
iopug, or spade-footed toad, is not known to have this 
habit This singular toad appears suddenly and in great 
numbers. It remains but a day or two in the water, where 
it lays its eggs in bunches from one to three inches in 'di- 
ameter. The tadpoles hatch in about six days after the 
eggs are laid; their growth is rapid, the young toade leav- 
ing the water in two or three weeks. The croaking of this 
toad is harsh, peculiar, and need not be confounded with 
that of any other species. As the spade-footed toads are 
rarely seen, it is possible that they burrow in the soil, like 
the European Alytes. Another peculiarity in the habits 
of Alytes, Pelobates, Cultripes, and Pelodytes is that they 
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Spawn at two seasong instead of one, and that their larrsB 
attain a greater size than those of other froga before com- 
pleting their metamorphosis. 

Among the tree-toads, Polypedates of tropical "Western 
Africa, contrary to the naual habits of frogs, deposits ita 
eggs in a mass of jelly attached to the leaves of trees which 
border the shore overhanging a pond. On the arrival of 
the rainy season, the eggs become washed into the pond 
below, where they develop, Onr common piping tree-toad 
(fft/Ut Pickeringii), about the middle of April, in the 
Northern States, attaches her eggs singly to aquatic plants. 
The young are hatched in about twelve days. 

Miss Hinckley has described the habits of the larger tree- 
toad {Hyla versicolor, Fig. 231). The eggs are attached 
from early May till July, singly and in small gronps in 
grass which grows np and rests on the water. The tadpoles 
hatch in two days. In a week after the tadpoles appear 
the gills are absorbed. Meanwhile the tadpoles hang by 
their "holders," or suckers on the lips, to the leaves, as 
seen in the engraving. When about three weeks old the 
hind legs begin to bud ont in front of the base of the tail. 
During the eighth week they take little food; the four legs 
grow out, the tail disappears, the mouth becomes adapted 
for seizing and eating insects, and they leave the water. 
This tree-toad depends for safety on its power of changing 
its color from green to gray; it hides among leaves, or in 
crevices in the bark of trees, when it becomes "like a 
part of the bark of the tree." 

As an example of what is called a suppressed metamor- 
phosis may be cited the case of a tree-toa^ in the island of 
Gnadalonpe. There are no marshes on this island, conse- 
quently in a species of Hylodes the development of the 
young is direct; they hatch from the eggs which are laid 
under moist leaves, without tails, and are otherwise, ex- 
cept in size, like the adnlts. On the other hand, a tree- 
toad of the island of Martinique {Hylodes Martinicensis, 
Fig. 233) has tadpoles, which it carries on its back. The 
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also of Central America, Peters found traces of external 
gills. The Pipa, or Surinam, toad {Pipa Americana), 
which hae no tongue, neither teeth in tlie uppur jaw, has 
similar breeding habits. In this interesting toad the jonng 
are provided with small gills, which, however, are of no 
use to them, as the tadpoles do not enter the water, but 
are curried about in cavities on the back. The eggs are 
placed by the male on tlie back of the female. The female 
then enters the water; the i^kin thickens, rises np around 
each egg and forms a marsupial sac or cell. The young 
pass through tlicir metamorphosis in 
the sacs, having tails and rudimentary 
gills; these are absorbed before they 
leave their cells, the limba develop, 
and the young pass out in the form 
of the adult. 

The toad (Bufo lenliginosus) ia ex- 
ceedingly useful as a destroyer of 
noxious insects. It is nocturnal in 
its habits; is harmless, and can be 
taken up with impunitv, thou?h it 

,. ■ -. i. -ji a -J I P>i. £83— The MirtlnlquB 

gives out an irritant acrid fluid from Tree-lowl carrying the 

the skin, which if transferred to the r<"J°B ""'« bBoi'- 
eye or lids occasions some pain. In the Northern States 
toads begin to make their peculiar low trilling notes from 
the middle to the 20th of April; from the latter date until 
the first of June they lay their eggs in long double strings, 
and the tadpoles are usually hatched in about ten days 
after the eggs are laid. 

Of the true frogs (Bana) there are numerous species; of 
these the largest is the bnll-frog, which makes a deep, 
hoarse, grunting noise. Smaller and more common species 
are the pickerel-frog and the marsh-frog. The frogs lay 
their eggs in roundish masses in ponds and pools from 
April to June, according to the latitude. 

While most frogs are greedily devoured by herons and 
other large wading birds, as well as docks and geese, and 
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such species are only praserved from eitinction by their 
nocturual habits and tlieir protective resemblance to the 
herbage and leaves of trees, tliere is a little briglit red and 
blue frog in Nicaragua which hops about in bright day- 
light It owes its life to its bad taste, for ducks and fowl 
will on this account not eat it. 

Class VI.— Reptilia (Lizards, Siiahes, Turtles, and 

Crocodilen). 

General Charaoters of Keptilea. — While the fishes and 
Amphibians are much alike, the reptilea, with their scales 
and claws, come near the birds. In their skull and skeleton, 
and in the 4-chambered heart of the crocodiles, they are also 
bird-like. Bepliles, then, are characterized by having their 
bodies covered with scales and their toes ending in claws, 
with the exception of the snakes, which hare no legs and 
consequently no claws. The reptiles also, unlike the fore* 
going vertebrate^, have true nostrils lik^those of birds and 
beasts, and there is in all except suakes an upper and a 
lower movable eyelid, while the tongue is long and forked 
and can be darted out after insects. They have also true 
lips, and a long windpipe like that of birds. There are 
3000 species of living reptiles known, of which 3S8 are 
Korth American. 

Ordbrs of Reptilbb. 

1. Body loDg, slender, cyliadrical, limb- 

lesB Ophidia (Snakes). 

2. Body with a long tail; usually two 

pairs of limbs LaeertUia (Lizards)) 

3. Body enclosed in a thick Bliell Chdonia (Turtle*). 

4. Lizard-like; vertebrte hollow at each 

end Jlhynehoeephalia (Spheoodoo). 

6. Body thick-scaled; teeth in socketa. Oroeodilia (Crocodiles). 

Order 1. Ophidia (Snakes). — Notwithstanding the fact 
that snakes have no legs, they can creep, glide, grasp, gos- 
pend themselves, erect themselves, leap, dart, bonnd, swim, 
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aad dive. The peculiar gliding motion of snakes is due to 
the movements of the large scales on the under side of the 
body. Tbeae are sncceseiTely advanced, the hinder edges 
of the Ecales resting on the ground and acting as Bup|iorts; 
resting on these the body is then drawn or pushed rapidly 
forwards. 

Snakes can swallow animals much thicker than their own 
bodies, because the bones of their skull and throat separate 
so that the mouth and throat can bo greatly extended. 
Thna a boa can swallow a ealf whole, or a common striped 
snake can swallow a toad or bullfrog. The bones of the 
mouth are also ai'tned with teeth pointing buckwards, to 
prevent the prey from slipping out of the nfouth. Snakes 
occasionally are known to hiss, the noise being caused by 
the passage of the breath from the lungs throngh the wind- 
pipe. The fixed, stony gaze of snakes is due to the fact 
that the eye is covered by a thin stationary lid, the true 
lids not being present. 

Tlie proverb "deaf as an adder" is not founded on fact, 
as snakes, like all reptiles, have internal ears. Their sense 
of hearing may be dull, but certain snakes, as the cobra ' 
de capello, are attracted by music* 

A few snakes are viviparous, as the vipers; others, as the 
common striped snake {Evtmnta strtalis), are ovovivipar- 
ous, the young developing in eggs, but hatching before the 
eggs are laid. This sniike has been known to produce as ■ 
many as TS young ones-f When alarmed, a brood of young 
of this and other species have been known, since the days of 
Spenser, who refers to this habit in the "Faerie Queen," 



• One remarkable cliaracleriatic at tliese dangerous serpeotaiB their 
fondness for muaic. Even when newly caugbt tliey seem to listen 
with pleasure to the noles, and even to writhe themaelveH into atti- 
tudes, Tlie Indian jugglers improve greatly on this instinct, and, 
after taming them hy degrees, instruct Ifaem to keep time to their 
flnSPnlet.— Percival, Eng. Gye. Nat. Hut. 

t American Jfniwrfffwl, p. 1009, Dec, 1883 
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to enter the mouth of theii- parent, who swallows them and 
keeps them in her stomach until the danger is past. 

Most snakes resemble in color the ground or soil they fre- 
quent; 8ome being, as in the rattlesnake of the western 
plains, of the color of the soil in which they burrow; the 
little green snake is of the color of the grass through which 
it glides; others are dull gray or dusky, harmonizing with 
the color of the trunks of trees on which they rest. The 
poisonous coral-snake {Elaps) of the Central American for- 
ests is, however, gayly and conspicuously colored; indeed, it 



Fia. SO.— Bead of the raCtlespake, a a. pntitoD eland anil Its ezcretorr duct; t, 
anterior temporal muBcle; /, pOHtTLor temporal m^ixBole; t3. dEftajitricuBi fk ex- 
ternal pteryeoid mueole; /, middle (emporal muscle; g, srtlcuJo-maiillary 
lirament wfilch JolDB the aponeurotic cai»ule ol the poison gland; r. the oer- 
vleal angular muscle; t. Tertebro-iiiandibular mtiscle; «, coBto-mandlbuIar 
muBCle. After Dtiiecaoj. 

can afford to be brightly colored, as no birds dare to sfe 
tack it. 

The Salenoglyph poisonous snakes may always be recog- 
nized by their broad, flattened heads, and usually short, 
thick bodies. The poison gland of -the rattlesnake (Fig. 
833, a) is a modified siilivary gland. The two fangs are 
modifications of maxillary teeth, each of which has been, 
BO to speak, pressed flat, with the edges bent towards each 
other, and soldered together, so as to form a hollow cylin- 
der open at both ends, the poison dnct leading into the 
basal opening. When the fangs strike into the flesh, the 
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mnsclea closing the jaws press apon the poison glatid, forc- 
ing the poison into the wound. The poison-fiings are 
largest in tlie most deadly species, aa the viper ( Viperd), 
the pnS a<1der {Glotho), tlie rattlesnake, and fer-de-lance 
{Trigonocephalus), but are small in the asps or hooded 
snakes {Najd). The bite of the rattlesnake is intensely 
painful; it is best cured by sucking, freely lancing, arid by 
cauterizing the wound, and drinking large quantities (at 
least a pint) of whiskey or brandy, sufficient ordinarily to 
produce insensibility. Deaths ffom the bite of rattlesnakes 
are not common, while in India it is estimated that several 
thousand people annually die from the bite of the cobra — 
20,000 dyiiig each year from the bite of snakes and the 
attacks of wild beasts.* The "rattle" of the rattlesnake is 
a horny appendage formed of buttonlike compartments; 
the sound made by the rattle, which has been compared by 
some to the stridulation of a Carolina locust, or of the 
Cicada, is an alarm note, warning the intruder; the rattle 
is sprung before the snake strikes. Allied to this snake is 
the copperhead {Ancislrodon coniortrix Linn.) and the 
black mocassin [Ancidrodon piscivorus Linn.) In the 
water-snakea the tails are laterally compressed, while the 
poison-fangs are small. These snakes are not much over a 
metre in length, and live far from land in the East Indian 



* Id 1S80 tbe deatlis in India reported as from snake bite were 
lO.OOO; and S13,77S snakt'S were killed at a coat of over fiSOO in re- 
wanta. TLe next year (1881) tliere were fatally bitten 18.610 peoplai 
and 354,968 snakes were destroyed at a cost of nearly fSODO. 

Tbe BDakcB which do the mischief are, according tn Fayrer, tbe 
cobra, the Bungarus cceruleus or krait, Uie echis, and the daboia or 
Ituasell'B vl[)er, all of which are most coaapicuous snakes, and easily 
ideotifled. There are others, sucli as Bunganis fasciatus. Ophio- 
phagUB elapB, wliich are dangerous, but comparatively rare, and 
seldom bite men; while the hydropbidn, being confined 1o the sea or 
\. though very poisonous, not bo dangerous to man, and 
rimeresiiri, whicli are both uncommon and at tbe same time are 
10 deadly as to codaager life. 
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The poisonouB snakes stand lowest in the series; they are 
snccceded Ity tlie striped snake, milk adder, and by the 
boaa, which attain a length of five metres; while the ana- 
conda gruwa eight metres long. 

Order 2. Lacertilia. — Most lizards have cylindrical bodies, 
usually covered with small overlapjiing scales, with a long, 
slender tail, and generally two pairs of feet, the toes long 
and slender, and ending in cluws. They run with great 
rapidity, and are active, agile creatures, adorned with bright 
metallic colors, in some cases green or brown, simulating 
the lints of the vegetation or soil on which they live; some 
are capable of changing their color at will, as in the chame- 
leon and Anolis; this is due to the fact that the pigment 
cells (chromatophores) are under the influence of the vol- 
untary nerves. 

In many lizards {Lacerta, Iguana, and the Geckos), the 
middle of each caudal vertebra has a thiu cartilaginous par- 
tition, and it is at this point that the tails of these lizards 
break off so easily when seized. In such cases the tail is 
renewed, but is more stumpy. 

Both jaws are provided with teeth, while some have them 
developed on the bones of the mouth. The teeth are usu- 
ally simple, sharp, conical, as in mo&t lizards, including the 
Monitor, or they ai-e flattened, blade-like, with serrated 
edges, as in the Jguana, or as in Cyclodus they are broad, 
adapted for crushing the food. Most lizards prey on in- 
sects; some live on plants. The eyelids are well-developed 
except in the Geckos, in which the lids are modified some- 
what, as in the snakes, to form a transparent skin over the 
cornea of the eyes. The tongue is free and long, some- 
times forked; in the iguana it ends in a horny point. 

While the limbs are usually present, one or the other 
" pair may in rai"e cases (in Pseudopus the fore feet are 
wanting; in Chirotes the hind feet are absent) be absent, 
or as in Antpbisbtsna and its allies the feet ai-e entirely 
wanting. 

Lizards lay their eggs in the sand or soil. The iguana 
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or great lizard of the West Indies deposits hers in the hol- 
lows of trees. Certain kinds are viviparous. 

Forming a conaectiug link between the lizards and the 
serpents is the glass-snake ( Opheosaurua), whose body is very 
long, snake-like, and limbless, as is also the singular Am- 
phiabana of Brazil (Fig. S34) whose tail is nearly as broad 



Via. !S1.— Head and tail ol AmphiOxBoa. From LQtkva'a Zoology. 

as the head, and since the creature runs both backwiirds aa 
well as forwards it, is popularly supposed to be two-headed. 
It feeds on ants and other insects, and lives in or about ant 
hills. 

The chameleons have the five toes arranged in two op- 
posable groups adapted for grasping the twigs of trees; 



Fia. 236.— Tongue ot Chameleon Hatural siio. 

their eyes have a movable circular lid; they have remark- 
ably long tongues {Fig. 235), which can be darted out five 
or six inches at insects, which adhere to the sticky swollen 
extremity while the body of the chameleon is perfectly im- 
movable. Chameleons can change their color at will; aa 
can the Anolis (Fig. 236) of Florida, which is a long smooth' 
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bodied lizard, which can change its color from a bright pea- 
green to a deep bronze-brown. The Gekko (Pig. 337, 
Sphmrodactylus) has bulbous toea. 

The honied toads {Pkrynosoma, Fig. 238) are character- 
istic of the dry western plains; the body is broad, flattened, 
and spiny. Their color is like that of the soil they inhabit. 



Fio. 230.— West lodian Andlis. From LUtken'a Zoology. 

Like all other lizards, the horned toade can withstand a long 
fast; they will in captivity eat insects and take milk. 

Our most common lizard in the Middle and Southern 
States is Sceleportis undulalus; it is about six inches long, 
gray, with dark wary bands, and may be seen in sunny 
glades runnmg up the trunks of trees. The iguanas are 
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very large, being nearly tbree feet in length, but rather 
slnggish lizards, with a dorsal row of high, thin apineB. 
They are said to be excellent eating. A %l\\\ larger form, 
resembling the iguanas, is the sea-lizard {Amblyrhynchua) 
of the Qalap^os Islands, where it lives on the rocks by tlie 
«hore, feeding on sea- weeds. The lai^eat lizard of the West- 




FiQ. S3?.— West ladlaii Oeliko. From LHUccd's Zoology. 



ern Territories is the Heloderma or "Gila monster;" it is 
allied to the iguanas, but the body is heavily tnbercnlated. 
Its bite is poiBODOus. The largest of all existing lizards are 
the monitors, or species of Varanus, of Australia and the 



Fia. 238.— Borned Toad. From LtUken'i Zootogy. 

East Indies, which nearly rival the crocodiles in size, being 
five or six feet in length. 

Orderd. Ckelonia{Testudinata, toHojBea,tart\ea). These 
animals are at onco recognized by their shell, the npper 
part forming the carapace and the lower the plastron; 
these two parts unite to form a case or box, within which 
the turtle can retract its head and limbs and tail. 

There are about forty apeciea of Chelonians in America 
o;>lc 



north of Mexico. Tlie lower forms of turtles are the ma- 
rine apeciee. Such is the great sea-turtle (Sphargig cort- 
acea) of the Atlantic and Mediterraneau, which is the larg- 



Yia, £89.— Skeleton Of European Tortotm. vtih die p 



est of all exiating turtles, and is sometimes eight feet long, 
weighing from eight hundred to twelve hundred pounds. 
Next to this species is the loggerhead turtle ( T7ialagaochelt/3 
caouana), which is sometimes seen asleep in mid*oceui. 
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Still another is the hatrk-bill or tortoise-shell tnrtle {Eret- 
mochelya imbricata), the platea of whose shell is an article 
of commerce. The green-turtle of the West Indies weighs 
from two hundred to three hundred pounds, and is used 
for making delicious soups and steaks, being caught at 
night when laying its eggs on sandy shores. All the fore- 
going species have large, flat, broad flippers or fin-like 
limbs, while in the pond and river turtles the feet are 
webbed and the toes distinct. A very ferocious species is 
the common soft-shelled turtle {Aspidonectes spinifer), 
whose shell is covered with a thick leathery skin. It is 
carnivorous, voracious, living in shallow muddy water, 
throwing itself forward upon small animals forming its 
prey. The anapping-turtle {Chelydra serpentina) some- 
times becomes five feet long; its ferocity is well-known; the 
flesh makes an excellent soup. 

The terrapins belong to the genus Psmdemys; the pretty 
painted turtle {Okrysemys ptcta) is common in the Intern 
States, while the Nanemys guttatua, or spotted tortoise, is 
black, spotted with orango. In the land tortoises the feet 
• are short and stumpy. The Testudo Indica of India is 
three feet in length. The great land tortoises of the Gala- 
pagos Islands, the Mascarine Islands (Mauritius and Rod- 
riguez), and also of the Aldabra Islands, lying northwest 
of Madagascar, are in some cases colossal in size, the shells 
being nearly two metres (six feet) in length. The fierce 
Mascarine species were contemporaries of the dodo and ' 
solitaire, and are now extinct. 

The turtles lay their eggs in sand on the shores of ponds 
and rivers. In the Middle and New England States nearly 
all the turtles lay their eggs on or abont June 10th, the 
eggs being hatched late in the summer. Turtles do not lay 
eggs until eleven to thirteen years old. 

The land tortoises, as probably all turtles, are long-lived, 
and often reach a great age. White, in his " Natural His- 
tory of Selbome," relates that one was kept in a village till 
it was supposed to be 100 years old. 
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Order 5. Crocodilia. — The crocodile, caiman, gavial, and 
Alligator are the examples of this well-known group. They 
present a decided step in advance of other reptiles, the 
heart approaching that of hirds, in having the ventricle 
completely divided by a partition into two chambere; the 
Tenons and arterial blood mingle outside of the heart, not 
in it, as in the foregoing orders. The brain is also more 
like that of birds. The nostrils are capable of closing, bo 
that crocodiles and alligators draw their prey under the 
water and hold them there until theyare drowned; but they 
are obliged to drag them ashore in order to eat them. The 



Via. £40.— Head otlhe Florida Crocodile. 

skin Is covered with large bony, epidermal scales. The 
conical teeth are lodged in sockets in the jaws. The feet 
are partly webbed. The crocodiles and gavials lay from 
twenty to thirty cylindrical eggs in the sand on river banks. 
The crocodiles are distributed throughout the tropics, even 
Australia; the gavials are mostly confined to India and 
Malaysia, and also Anstralia. The group is represented in 
the Southern States by tlie alligator {A, Missisiippiensif). 
It is nearly two metres (10-1 3 feet) long; while the Florida 
crocodile (C, acutus. Fig. 240) in which the jawa are much 
nari'ower, is over two and a half metres (14 feet) long. It 
inhabits the rivers of Florida, where it ia very rare, and also 
the West Indies and South America. The cayman of 
Qniana belongs to a distinct genus. Caiman, and is char- 
acteristic of the rivers of tropical South America. 
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Class VII. — Ates {Birds). 

General Cliaraoters of Birds. — The graceful, pleasing 
lines of the bird's body; its clothing of feathers; the 
tootlilesE jaws encased with born to form the bill, and tho 
remarkable change of the fore-limbs into wings — these arc 
the mai'ks whicli separate tlic birds from other vertebrates. 
Besides this, they are warm-blooded, and their bones are 
compact and in many cases hollow, thus combining light- 
ness with strength; hence birds are the most active and 
volatile creutnres among all the back-boned animals. The 
vertebral column is so adapted that birds can fly in any di- 
rection, particularly in a vertical one; and it is the strength 




and flexibility of its spinal column that enables tbe lark to 
rise up and shoot high into the air. Birds can turn the 
head around and look directly back, as seen in the owls: 
this is owing to the unusaally free articulation of the first 
neek-vcrtebra to the skull; thus the bird can reach every 
part of its body with its bill. 

The most sti'iking difference from other animals is in the 
modification of the fore-log into a limb which supports a 
broad expanse of feathers, and ends in two rudimentary 
toe-bones. Another peculiarity iu the skeleton connected 
with the power of flight is the very large breastbone, with 
its keel, which is very high and thin, serving for the at- 
tachment of the muscles of flight. Thus in all respects we 
see a complete adaptation of the bird's body to its life in 
tlioair. The wings are attached exactly at the highest 
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part of the thorax, and hence vhen the oatatretched wings 
act upon the air as a futcrum all the weight of tJie bodj is 
placed below this surface of suspension (Marey). The 
. fliglit of birds has been studied by Marey, who states that 
"from the manner in which the fealliers of its wing lie 
^pon each other, it is evident that the resistance of the air 



ir blaiie. scapula; I. ooracold; i'. wto-bone, olavicl«; ni, humerus; 
n, uloa; n', rsijluB; p, carpus: r, metacarpals and three digits; ■. ischkattai 
bOMe;u, pelTisi 1, Mun; v, femur; z, tibia; «, metalvsus; o,«lBlts. After 



can only act from below upwards, for in the opposite direc- 
tion the air would force for itself an easy passage by bend- 
ing the long barbs of the feathers, which would no longer 
sustain each other." The wing acts on the air like a wedge 
or an inclined plane, " in order to producea reaction against 
this resistance which impels the body of th« bird upward 
and forward," 
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The poffer of romaiDing a long time in mid-air is in- 
creased bj the large air-cells, which are pockets filled with 
air. There are nine of these air-sacs — three near the clavi- 
cle, four in the thorax, and two in the abdomen; they con- 
nect with the ends of some of the air-tubee, and also with 
the hollows o( the bones, so that the bird's body is lightened 
and buoyed up by air. 

The most striking external feature of birds is the pres- 
ence of feathers; do reptile on the one hand, or mammal 
on the other, is clothed with feathers, thongh the scales on 
the legs and feet of birds are like those of reptiles, and it 
Bhould be borne in mind that feathers are only modified 
scales or hairs. The ordinary feathers are ciMeApenna or 
contour feathers, as they determine by their arrangement 
the ontline of the body. They are, like hairs, developed 
in sacs in the skinj the quill is hollow, partly imbedded in 
the skin; this merges into the shaft, leaving the outgrowths 
on each side called iaris, which send off secondary pro- 
cesses called iarbules. The barbules aud booklets are com- 
monly serrated, and end in little hooks by which the bar- 
bules interlock. Down is formed of feathers with soft, 
free barbs called plumules. 

Over the tail-bone {coccyx) are usually sebaceous glands, 
which secrete an oil, nscd by the bird in oiling and dress- 
ing or " preening" its feathers. In some birds, as the cock 
and turkey, the head and neck are ornamented with naked 
folds of the skin called "combs" and "wattles." 

The sense of sight, smell, and hearing are acute in birds, 
particularly that of sight. Birds have three eyelids, be- 
sides an upper and lower lid, a membrane which can be 
drawn over the eye, and is called the "nictitating mem- 
brane." This covers the whole front of the eje-ball like a 
cnrtuin. TVith this it is said the eagle can look directly at 
the sun. The eyes of hawks and eagles are provided with 
a ring of bony plates occupying the front of the sclerotic. 
By means of this ring the eye can adjust itself like a tele- 
loppo po as to take in both near and distant objects. Thf 
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iwngum also ia endowed with this appamtaa, which enables 

it to adjnst its eye to see above and under the water. 

Though birds (eioept the night-birds, especially the 
owls) have no external ear, tbcj caa hear well; otherwise 
what would be the use of tliei. powers of eong? 

The eggs of birds are, with the exception of those of liz- 
ards, enormous in proportion to those of other vertebrate 
animals. The largest egg known is that of the j^pyomis, 
an extinct bird of Miidngasear, which is about a thii-d of a 
metre (13J inches) in length. Birds lay but few eggs, and 
the young of those which build nests when hatched are 
blind, naked, unable to walk, and are fed by the parent 
birds. In the fowls, such as the hen and partridge, in the 
wading birds as well as the ducks and other swimming 
birds, the young, on breuking from the shell, walk or swim 
and pick up their own food. 

At the close of the breeding season birds moult their 
feathers; but some birds moult twice and thrice. The 
q II ill-feathers are usually shed in pairs, but in the ducks 
they are shed at once, so that these birds do not at this time 
go on the wing, while the males put off the highly colored 
plumage of tlie days of their courtship, and assume for sev- 
eral weeks a dull attire. In the ptarmigan both sexes not 
only moult after ibe breeding season is over into a gray 
suit, and then donawhite winter suit, but also wear a third 
dress in the spring. In the northern hemisphere the males 
of many birds put on in spring bright, gay colors. Other 
parts are also shed; for esauiple, the thin, hoiiiy crests oil 
the beak of a western pelican (Pelicanus eryihrorhynchus), 
after tlio breeding season, are shed like the boms from tlio 
head of deer. Even the whole covering of the beak and 
other horny parts, like those about the eyes of the pufBn, 
may also be regularly shed. 

As a rule, male birds are larger and have brighter colors, 
with larger and more showy combs and wattles, than the 
females, as seen in the domestic cock and hen; and the or< 
uamentatiou ia largely confined to the head and the tail, lut 
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seen especially in male bummiDg-birds. Sometimes, how- 
ever, both sesea are equally ornamented, and in rare caaes 
tlie female is more highly colored than the male; she is 
sometimes also larger, as in most birds of prey. There is 
little doubt that the bright colors of male birds render 
them more conspicuous and to be more readily chosen by 
the females as mates, for in birds, as in higher animals, the 
female may show a preference for or antipathy against cer- 
tam males. Indeed, as Darwin remarks, whenever the sexes 
of birds differ lo beauty, in the power of singing, or in pro- 
ducing what he calls "instrumental music," it is almost 
invariably the male whicli excels the female. 

The songs of birds are doubtless in part love-notes, 
though biixlB also sing for pleasure. The notes of birds 
express their emotions of joy or alarm, and in some cases 
at least the culls of birds seem to convey intelligence of the 
discovery of food to their young or their mates.* They 
have an ear for music; some species, as the mocking-bird, 
wilt imitate the notes of other birds. The songs of birds 
can be set to music. Mr. X. Clark has published in the 
American, Naturalist (voh xiii. p. 21) the songs of a num- 
ber of our birds. The singular antics, dances, mid-air evo- 
lutions, struts, and posturings of different birds, are witli- 
out doubt the visible signs of emotions which in other birds 
find vent in vocal music. 

The nesting habits of birds are varied. Many birds, as 

* "It IB necPBSiiry in a, pliilo3opliiciii spiril lo regard every sound 
made by a bird under tiie all-powerful iiiflucDce of love or lust as a 
' Bong.' It seems inipoBsible to draw anj but an arbitrary line between 
the deep booming of the emeu, the harsh cry of the guillemot (which 
when proceeding from a hundred or a, thousand IhroalB strikes the 
distant ear in a confused muniiur like ihu roar of a tumultuous crowd), 
the plaiulive wail of the plover. Che melodious wiiistle of the wid- 
geon, the 'cock's shrill clarion.' the scream of the eagle, the hoot 
ot Ibe owl, the so'emn chime of the bcH-bird, the wliip-crackiog of 
tbe manakin, the cbaffloch's joyous burst, or the hoarse croak of the 
raveu. on tbe one hand, and the blciiiing of the snipe or Ihe drum- 
Diiog of the ruSed grouae ou the other." (A. Newton.) 
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the gulls, anks, etc., drop their egga on bare grotind or 
Tocks; aa extremea in the series are the elaborate nestB of 
the tailor-bird, and the hanging nest of the Baltimore ori- 
ole, while the woodpecker eicafatea holes in dead trees. 
As a rule, birds build their nests concealed from sight; in 
tropical forests tliey hang them, in some cases, out cf reach 
( f predatory monkeys and reptiles. Birds may change 
their nesting habits sufficiently to prove that they have 
enough reasoning powers to meet the exigencies of their 
life. Parasitic birde, like the cnckoo and cow-birds, lay 
their eggs by steaUJi in the nests of other birds. "Some 
of the swifts secrete from their salivary glands a fluid which 
rapidly hardens, as it dries on exposnre to the air, into a 
substance resembling isinglaEs, and thus furnish the 'edi- 
ble bird's nests' that are the delight of Chinese epicures. 
In the architecture of nearly all the Passerine birds, too, 
some salivary secretion seems to play an important part. 
By its aid they are enabled to moisten and bend the other- 
wise refractory twigs and straws and glnc thorn to their 
place. Spiders' webs also are employed with great advantage 
for the pui-pose last mentioned, but perhaps chiefly to at- 
tach fragments of moss and lichen so as to render the whole 
structure less obvious to the eye of the spoiler. The tailor- 
bird deliberately spins a thread of cotton and therewith 
stitches together the edges of a pair of leaves to make a 
receptaclefor its nest. .... In South America we have a 
family of birds (Furnariidm) which construct on the branch- 
ing roots of the mangrove globular ovens, go to speak, of 
mud, wherein the eggs are laid and the young hatched. 
.... The females of the hombills, and perhaps of the 
hoopoes, submit to incarceration during this interesting 
period, the mules immuring them by a barrier of mud, 
leaving only a small window to admit air and food, which 
latter is assiduously brought to the prisoners," (Newton.) 
The duties of incubation are, as a rule, performed by the 
female, but in most Passerine bii'ds and certain species of 
other groups, the males divide the work with the females. 
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and in the oetricli and other Ratita the lahor is wholly per- 
formed b; the males. 

There ai-e probably from 7000 to 8000 species of living 
birds. Of the whole number, 878 digtinct species or well- 
marked geographical races inhabit North America north of 
Mexico and including Greenland. The geographical dis- 
tribation of birds is somewhat complicated by their migra- 
tions. While the lurger number of species are tropical, 
arctic birds are abundant, though most of them are aqnatio. 
In the United States there are three centres of distribution: 
(1) the Atlantic States and MissisBippi Valley; (2) the 
Rocky Mountain plateau, and (3) the Pacific coast. 

Nearly all the birds which breal in the central and north- 
ern portions of the United States migrate southward in the 
autumn, and spend the winter in the warmer Southern 
States or in Central America or the West Indies. The 
causes of this regular annual migration are probably due to 
the changes of the season, and to the want of food Jn the 
winter time, and also to the breeding habits of birds. Trop- 
ical birds which breed at home do not migrate to other 
climes; but some Brazilian species migrate southwards into 
' Buenos Ayres; it is those birds which live far north which 
hare what is called the "migratory instinct." Birds mi- 
grate by night as well as by day; and the young return the 
following spring to their birthplace. 

In North America * the birds of the Western plains and 
ol the Rocky Moautains as well as of the Pacific coust are 
sedentary, or migrate but a short distance. It is the east- 
ern birds which migrate regularly. These pass southwards 
mto Mexico and Guatemala, and reach South America. 
Thus the extent of the migration varies greatly, some spe- 
. cies only going a few degrees north and south, while others 
migrate annually from arctic America to the tropics, and 
every gradation occurs between these extremes. Among 
those which migrate farthest are the species of warblers 



* See Uie writioga of Baird, Alleu, and Wallace. 
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{Dendraca), and other fly-catching warblers {MnioHltida), 
many cf which bi'ccd od the Bhores of Hudson's Bay, and 
Bpcnd the winter iu Mexico or the West Indies. More spe- 
cies of birds breed in Canada than in the warm Southern 
States. Birds have been known to extend their range of 
migrations; the rice-bird or bobolink continually widens 
its range as rice and wheat are more extensively cultivated. 
This bird winters in Cuba and other West Indian islands, 
and probably also in Mexico. In April it enters the South- 
em States and pasBes northward, till in June it reaches 
Canada and extends west to the Saskatchewan River in 64" 
north latitude. 

Says Baird: "Whilebirdsproceedgenerally in the spring 
to the very spot of birth, and by a definite route, their re- 
turn in antumn is not necessarily in the same line. Many 
birds are familiar visitors in abundance in certain locali- 
ties in either spring or autumn, and are not known there 
in the other season." He thinks that in very many in- 
stances birds proceed northward along the- valley of the 
Mississippi, to return along the coast of the Atlantic. In 
general, also, the northward vernal movement is performed 
much more rapidly, and with fewer stops by the way, than 
the antnmnal. " Birds generally make their appearance in 
given localities with wonderful regularity in the spring — the 
SyhicoUdcB especially; a difference of a few days in succes- 
sive years attracting the notice of the careful observer: this 
difference is generally influenced by the season. The time 
of autumnal retnm is, perhaps, less definite." (Baird.) 

While there are a number of very strange extinct birds, 
one of which called the Archaopleryx is the connecting 
link between reptiles and birds, and there are fossil birds 
with teeth, all the living species belong to two single sub- 
classes. 

Sna Clabbeb op Exibtiko Birds. 

1. Btemum smooth ; wings rudimentary Baiitu (Oatricb). 

2. Slenium keeled; wings well developed.... Cltrt'naftB (Robin, etc.). 
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Sub-Class I. — Ratit^. 

General Characters of Rnnning Birds.— T)ie kiwi-kiwi, 

the moa, cassowary, and ostrich differ from other birds in 

the smootfa, imkeeled sternum and the short tail; the wings 

are radimentary and the hind legs strong, these birds (ei- 



Fia. 913,— Moo, Palapten/jc, wlCh three Ejnf-Mnl birds. 

cept Apteryx) being runners, and either of large or, as in- 
the extinct foiTus, of colossal size. 

The simplest form is the "kiwi-kiwi" or Apteryx of 
New Zealand (Fig. 243), of which there are three or four 
species. It is of the size of a hen, with a long slender beak, 
the nostrils situated at the end of the upper jaw, while the 
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body is covered with long hairy feathers. The female lays 
only a single large egg, which weighs one quarter as much 
as the bird itself, iu a hole in the ground. It is a night 
bird, hiding by day under trees. 
The giant, ostrich-like, extinct birds of Kew Zealand, 
called moa, and repreeent«d by several species, 
chiefly of the genera Dinornis and Palapteryx 
(Fig. 243), were supposed to have been con- 
temponiries of the Maoris or natives of New 
Zealand. While a fourth toe is present iu 
the Apteryx, the moa-bird has only three toes. 
Thelargest of the moas, Dinornisgigantaus, 
stood nearly three metres (d^ feet) in height, 
'^enuJy~^Hg ^''^ *''^''* ^'^ shin-bone alone measuring nearly 
rrom Lu^S^a * '"^'^''^ (^ ^^^^ l** inchcs) in length. These 
Zoology. moa birds belong to three genera: Dinornia 

with ten, Palapteryx with three, and Aplornia with a sin- 
gle species. 

Allied to the moa was a still larger bird, the jSpyomit 
maximus of Madagascar, supposed by some to be the roc 
of the Arabian Nights' Tales. Of this colossal bird, re- 
mains of the skull, some vcrtebree, and atibia 64 cent, long, 
have been found. The single egg discovered is of the capa- 
city of one hundred and fifty hen's eggs. 

Here also belong the tliree-toed cassowaries of the East 
Indies and Austruliit, and the emeu (Fig. 244) of Australia; 
both of these birds are about 2 metres (5-7 feet) high. The 
South American ostrich (Rhea Americana, Fig, 245), with 
three toes to euch foot, is a smaller bird, standing 1.3 
metres high, running in small herds on the pampas. The 
two-toed ostrich {Struthio camelus), of the deserts of Africa 
and Arabia, now reoi'ed for the feathers of its wings and 
tail, so valuable as articles of commerce, is the largest bird 
now living, being 2-2.7 metres (6-8 feet) high. It can out- 
run a horse, and lives in flocks. It lays about thirty large 
white eggs in a nest in the sand; they are covered in the 
daytime by the hen or left exposed to the sun, vbjleat 
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night the male site over and gnarde them. In Cape Olbiiy 
oBtri eh- culture hae become an important business; in 1865 
there were only eighty indiTidnalB on the ostrich farms; in 
1876 there were 32,347 ostriches, either free or in parks 
where Lucerne grass is cultivated as food for these useful 
birds. The South American ostrich is in Fatagouia hunted 
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for its feathers. According to Herbert Smith, its food con- 
sists of seeds, grass, insects, etc., and the herdsmen say 
that it also eats snakes. " The nest is a mere shallow 
hole scratched in the ground; twenty, thirty, or more eggs 
are found together, but it appears that these are not all laid 
~bj one bird: several females lay their eggs together, and 
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take tnniB in sitting on them. The nest may be left nn- 
coTered during the heat of the day, but in this region 
(Buenos Ayres), I believe, it is never entirely deserted, 
{American Naturalist, July, 1883.) 

OniisRB o? Cabinxte Birds. 

1. WingH smnll and sliort; diving btrdi Pggopod4», 

i. Wings long, poial«il; rapid fliera; anterior toes 

webbed. LBTtgiptnne*. 

8. Feet wholly webbed, Including tbe Inner toe SUgopode*. 

4. Bill lamellate, i.e., both mandlblee witU leetb-like 

projections LamtUirottre*. 

A. Wading birds; the leg long and naked above the 

heel; bill usually long and slender OraUaUrrtt. 

5. Land birds; four toes, three In front, one behind; 

tibiB often spurred OcUUnm. 

7. Toes like the foregoing; the bill horny and convex 

at tip CBlumJxt. 

8. Bni cered, hooked, and large; feet large, not yoke- 

toed Ripfore*. 

9. Feet joke-toed; bill stout, and strongly liooked..'.iVft(u£ 

10. Toes often in pairs, two In front and two behind; 

wings with ten primaries IHeaHiB. 

11. Perching and singing birds; feet adapted for 

grasping; hind toe opposed to the others Pameret. 

Sub-Class I, — Cariitat.s. 

General Cliaraoters of Carinate Birds. — All other living 
birds belong fo this group; they are remarkably homogene- 
ous in form and structure. They are characterized by the 
keeled breast-bone or sternum — tbe wings, as a rule, being 
well developed. 

Order 1. Pygopodes (Piviog birds). — These are eminent 
as swimmers, and comprise the penguins, auks, puffins, 
grebes, and loons. The pcngniiia (Figs. 246, 247) are con- 
fined to the antarctic regions. They are large birds, and 
form a characteristic element in a Fatagonian landscape. 
The bones are solid, not light and hollow, as in other biivlg; 
the wings are small, paddle-like, with scale-like feathers; 
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on shore they hare an awkvai'd gait. They lay bat a sid- 
gle egg, and some species do not lay their egg on the rocka, 
but bear it about in a pouch-like abdominal fold. The 
penguina, however, differ so much from the other diyere 
that they are now often ranked aa a separate group called 



Fia. 350.— The Great Auk. 



Sphenisci. There are twelve species of penguins, divided 
among tliree or four genera. 

The guillemots {Fig. 248, Uriagrylle), auks, and puffins 
(Fig. 249, Fratercula arciica) are characteristic arctic birds, 
ranging from Labrador northward, and have great powers 
9f flight. The gare fowl, or ^reat auk {Alca imjtenniSf 

■ogk 



THE 0ULL8 AND TEBN8. ^13 

Pig. 250), is nearly or qnite extinct, being nntil lately con- 
fined to one or two inacceBsible islets near Iceland, where 
it lias been extinct since 1841, and to Labrador, thougli 
formerly it ranged from Cape Cod northward, a few enr- 
vivors having Jiyed on the Funks, an islet on the eastern 
coast of Newfoundland, within perhaps thirty years. 

The grebes have lobate feet, and the tail is a mere tuft of 
downy featJiers. They lay a greater number of eggs (6-8) 
tlian in other biMs of tbia order. The nest is formed of 
matted vegetation, close to the 
water, or, as it is said, floating 
among aquatic plants. The 
young swim as soon as the? are 
hatched. These birds inhabit 
the lakes and rivers of all pai-ts 
of tlio earth. The pied-billed 
grebe {Podilymbus podiceps) is 
common in the United States in 
the winter. 

The loona are well known for 
their large size, flat bodies, long 
necks, and quickness tn diving. 

They are migratory, and lay two TiG.m.-Ro^^teT^m. 
or three eggs in rushes near the 

water's edge. Their voice is extremely loud and harsh. 
The great northern diver {Golymbus torquatus), which 
tenants our lakes and bays, is 2J-3 feet in length; it is 
black and white, the head and neck iridescent with violet 
and green; while the red throated diver (C. seplentrionalis) 
is smaller, with a large chestnut-red patch on the throiit. 

Order 3. Longipennes (Long-winged swimmers). — The 
petrels, gulls, and terns ropreaent this gronp. They have 
long, slender, compressed hills, long, sharp wings, immense 
powers of flight, and lay their eggs in rude nests on rocks or 
upon the ground. The petrels, or " Mother Carey's Chick- 
ens," belong to the genus Thalassidroma, and are remarkable 
for their small size and slight bodies; they are ever on th^ 
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wing, far out at sea following in the wake of ressels for 
food, and breed in holca in the ground. Tlie tenis are 
known by their yerj long, stout beaka. They lay from 
one to three eggs in a hollow in the ground. They are 
noisy, with Bhrill voices, and, like gulls, are gregai'ious. 
The common tern or soa-swnllow {Sterna Idrundo) has a 
red bill, while the roseate tern {!S. paradisaa, Fig. Sal) has 



Vm. mi.— A, ElttJwBke Gull; B, IvoiT Q"^ From Nordenikieid. 

a black bill, and the body is rosy beneath. The gull family 
have larger bodies and feet, and the wings shorter than in 
terns. They occur on all sea-coasts and inland lakes (Fig. 
253). The skuas (Fig. 253) have habits like those of gulls. 
The most notable member of the group of petrels is the . 
albatross (Dtoniedea exulans) of the Soutliorn hemisphere. 
Its wings expand more than three metres (nearly ten feet). 
It lays a single e^^ 13 cm. long, and Spends most of its life 
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on tho ocean far away from land. The sooty albatross 
{D. fuliginosa. Fig. 254) ia occasionally seen on the 
Pacific coast. 

Order 3. Slegopodes (Totipalmate birds). — The gnlls are 



SQCceeded in the ascending series by the tropic-bird, frigate 
or man-of-war bird, the darter or snake-bird, the cormor- 
anta, pelicans, and gannets, in which all four toes are fully 
webbed, the web reaching to the tips of the toes. The 
body, especially in the pelicans and gannets, is bnoyed up 
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more than in other birds bj a large number of mnoh sub- 
divided air-cells under the skin of the body. 

The pelican is remarkable for the large, loose poach on 
the under j'liw, capable of holding several quarts, or several 
hundred small fishes. In the East Indies, pelicans are 
tamed and used by the natives in fishing, as ie the cor- 
moi-ant in China, while in early times it was in England. 

The coi'morants are vei^j gregarious, and breed in great 
numbers in the northern regions on cliffs overhanging the 
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sea. Their nesta are rude and bulky. Tbcy feed mainly 
upon fish, and are notoriously voracious. The common 
cormorant or shag {Graculus carbo) breeds in great num- 
bers in Labrador and Newfoundland. It is glo.-sy grcenisb 
black in summer, with numerous white plumes on the head 
and neck. 

The darter, snake bird, or anhinga {Ploitis anhtnga) is 
common in the Sontb Atlantic and Gulf Stales; it has a 
long snake-like neck, and can swim a long distance under 
water. The gantiet or solan ^oosei^Sitlahassand) breeds in 
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countless nnmbeis in the Magdalen Islunda in the Gulf of 
St. Lawrence. It resembles a gooBe in shape. In fishing 
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it plnngefl from a great height, remaining under the water 
for a few seconds. 

Order i. LamelUrosires (Ducks and Geese). — These birds 
have usually bioud bills furnished with lamellate, teeth- 
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like projectionB, The feet are jmlmated, adapted for swim- 
ming rapidly. In the mergansers the bill is narrow and 
more strongly toothed. The eider duck {Somateria mollix- 
sima, Fig, 355, B) breeds from Labrador around north- 



S18 



zooLoor. 



wurd to Scotland; it plucks it down from its breast, build- 
ing with it a large loose waira nest under lowbiislies on the 
Bea-coaet, where it lays three or four pale, dull green eggB. 
With it ie associHtcd the rare king older (Somateria mpecta- 
hilis, Pig. 255, A). The canvaa-liac.k (Fulignlavallimerxa) 
feeds, as its epecilic name implies, on the wild celery ( Val- 
lisneria) on the middle Atlantic coast in ninter, whence it 
derives its delicious flavor. The snmmer duck {Aix sponaa, 
Fig. 356) breeds in trees. The original source of our do- 
mestic duck ia the mallard, or Anas ioschag. It ie known 
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to cross with various other species. Upward of fifty kinds 
of hybrid ducks are recorded, some of which have proved 
to bo fertile. The black duck (Anas oliscura) ia abundant 
on the shores of North-eaatern America, and is frequently 
brought into the market. The wild goose (Branta Cana- 
densis) breeds in the Northern United Statea and in British 
America. While it nsuallybroede 
on the shores of rivois, it has been 
known in Colorado and Montana 
to nest in trees. Allied to it is 
the barnacle goose of Europe 
{Branta hncopsis, Fig. 357, A), 
_ which very rarely occurs in this 
country; also the white-fronted 
goose (Fig. 257, B), is an arctic 
bird. The swans are character- 
ized by their long necks, the trachea or wind-pipe being 
remarkably long, especially in the trumpeter ewan, where 
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it enters a cavity in the breast-bone, makes a turn and ter- 
minatcB in the lungs, nfier forming a large coil. 

To tliia group, or next to it, also belong tlie flamingoes, 
the Anieriean flamingo {Phmnicopterus ruber) occurring on 
the Florida and Gulf coast. Its feathers aio scailet, its bill 
yellow, large and thick, while the lege and neck arc of gi-eat 
length. It connects the swimming with tlie wading birds. 
The foregoing gj-onp forms a diTision called tlie Natatorea 
or swimming birds. 

Order 5. Qrallatores (Wading birds). — These have long. 



FiQ. :aa.—Notomit. From Latkeu'B Zooloer. 

naked legs, and therefore long necks, with usually remark- 
ably long bills. Tbey are divided iuto cranes, rails, etc. 
(Aleciorides), the herons and their allies (Herodwnes), and 
the shore-birds, snipes and plovers, or Limicolis. 

In the cranes, together with rails {Porsana Carolina. 
Fig. 258), the toes are often long, and in some forma, such 
as the coots and gallinules, which have lobate feet, there 
is an approach to the ducks. The coot (FuUca Americava) 
connects the swimming with the wading birds. The bill 
is much as in the gallinules, but the toes are lobate, having 
large semicirciilar membranous flaps; hence they can swim 
like the grebes. 
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The pnrple gallintile {Porphyrio martinica) hog the beud, 
neck, and auder parta of a beautiful pnrplisti blue, becom- 
ing darker on the belly. It inhabits the South Atlantio 
and Gulf States. With it is aBsociated the Florida galli- 
nule (Oallinula gaUata). Allied to Porphyrio is the New 
Zealand Notomis (Fig. 259). 

Allied to tlie gallinulee is the "giant" or GalUnula 
gigantea (Fig. 36u), which formerly lived in the Mascarene 
Islands, having been observed as late 
as 1694 It stood two metres (over six 
* feet) high. With it was associated a 
large blue gallinttle — Porphyrio (2fo- 
tornisf) coerulescens — which was last 
seen on the Isle Bourbon between 1669 
and 1672. It was incapable of flight, 
but ran with exceeding swiftness. 

Tlie cranes are of great etature, the 
legs and neck very long, with the head 
Sometimes curiously tufted. The white 
or whooping crane (Grus Americanus) 
is pure white, and is about 50 inches 
long, wliile the brown or sandhill crane 
(Orus Canadensis) is snjaller and the 
adult plumage is leaden gray. With 
the true herons are associated the 
night herons and the bitterns of the 
United States, the boat-billed heron of 
Central America, and the odd Balani- 
ceps rex of Africa, which has an enor- 
mous head and broad, large bill. The 
™''°™"MiiSu,^'"'""°' American bittern (Botaurvs Imtigi- 
«oa«j) nests on the ground. The night 
heron or squawk {Nyctiardea grisea) is common in sum- 
mer in the Northern Statesj it is about two feet in length 
and has two very long plumes arising from the base of the 
head. The great bine heron (Ardea herodias) is about four 
feet in length, and the general color above ia grayish blae. 
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The herons are succeeded by the singular spoon-bilis, repre- 
seuteJ by the roseate Bpoon-bill {Platalea ajaja), and which, 
with the wood Ibis and other species of this group, adorn 
^ihe Bwamps and bayous of the South Atlantic and Gulf 
States. 

The shore-birds, or the curlews , (JV«HieMt«s longirostris, 
Fig. 261), plover, sandpipes, peeps, snipes (Qallinago WU- 
sonii. Fig. 262), woodcock, and stilt {Himantopus nigncol- 
lis, Fig. 263), are long-legged, long-billed birds, going in 
.flocks by the seashore or river-banks, Bometimes lifing in- 
land on low plains; they are not, generally speaking, neet- 
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builders, the eggs being laid in rude nests or hollows in the 
ground. They feed on worms, insects, and snails, either 
picking them up from the surface or boring for them in 
the mud or sand, or forcing the vermian food out of their 
holes by stamping on the ground. The American snipe 
{Qallinago WiUonii, Fig. S63) has the bill much longer than 
the heiid, perfectly straight, soft to the end, where it is 
somewhat widened and grooved on top; it is 9-11 inches 
long; it lives in o|>en, wet places, and is migratory. In the 
American woodcock {Philohela minor) the bill is much 
longer than the head, stout and deep at base, grooYed nearly 
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its whole length, the tip knobbed. It is 30 cm. (11 to 
12 inches) long, and frequents bogs, swamps, wet woodlands 
and fields in the eastern United States and Canada, 

Connecting in some degree the wadere and gallinaceons 
fowl are the bastards of the Old World, certain Etrango ex- 
otic birds; especially the honied screamers, represented by a 
very rare bird, the Palamedea comuia, which has sharp 
horns on the wings. 

Order 6. Gallina (Gallinaceous birds). — The appearance 
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of these birds, formerly called Rasores, from their peculiar 
habit of scratching the ground for food, is readily recalled 
by a simple enumeration of the partridge, Oreortyx (0. 
pidus, Fig. 264), quail {Ortyx), ptarmigan {Lagopus, Fig. 
265), pinnated grouse or prairie hen (Cuptdonia cupido), 
sage-cock, Canada grouse or spruce partridge (Tetrao), and 
wild turkey (Meleagris), as well as the exotic forms, the 
pheasant of the Old World, the useful hen or bam-yard 
fowl, which is a descendant of the jungle fowl (Gallus 
BanJciva) of India. These are allied to the argus- pheasant 
and the peacock of Malaysia, the latter rivalling the hum- 
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ming-birds in ibs gorgeous plumage. The gninoa-hen is 
an Airican bird. To tliis group belong the curious mound 
birds.' 

The mound-birds, says Wallace, are a Email family of 
birds, some of them smaller than a ben, found chiefly in 
Australia and the eurrounding islands, and extending as 
far as the Philippines and northwest Borneo. They are 
allied to the gallinaceous birds, but differ from these and 
from all others in never sitting upon their eggs, which they 
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bury in sand, earth, or rubbish, and leave to be hatched by 
the heat of the sun or of fermentation. They are all char- 
Bcterized by very large feet and long curved claws, and 
most of the species of Megapodius rake and scratch together 
all kinds of rubbish, dead leaves, sticks, stones, earth, rot- 
ten wood, etc., till they form a large mound, often six feet 
high and twelve feet across, in the middle of which they 
bury their eggs. A number of birds are said to join in mak- 
ing these mounds and to lay their eggs together, so that forty 
or fifty eggs may be found. Allied to the mound-birds is 
the maleo (Megacephalon rubripes). They scratch boles in 

oogic 
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Eaud tlirco or fonr feet deep in the beaches of the Celebes 
laluuda, the birds going down for thla purpose ten or fifteen 
miles from tbe interior; and returning again, leaving tho 
eggs to hatch and tho young to shift for themselrcs. (Wal- 
lace.) 
The megapoda, together with the American guana and 



curaasowa (Cracidce), form a sort of passage from the gal- 
linaceous to the columbine birds. One of the most puz- 
zling forms for the systematic ornithologist to deal with is 
tiie hoaain of Guiana {Opisihocomus cristatus). Jn this 
bird the keel of the breast-bone is cut away in front, the 
wish bone unites with tbe corucuid bones, and also with 
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the mantibrinm of the breast-bone, a thing of rare occur- 
rence. 

In the tinamons of Central and South America the tail- 
feathers are in some casesentirely wanting, and the breast- 
bone and ekuU-bonea have some anumuluus fouturea. Most 
all gall inaceooa birds have plump bodies, wiili sliort beaks 
and small ronuded vings, iiut being good fliers. In some 
of their cranial characters they are so pecaiiar that Hnxley 
makes them one of bis primary divisions of Carinaim. 

Order 7. Columba (Doves, etc.). — We now come to birds 
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of n higher type, in which the knee and part of the thigh 
are free from the body, the leg being usually feathered down 
to the tibio-tarsal joint; the toes are nsually on the same 
level, being fitted for grasping or perching. 

The doves are rapid fliers, but a notable exception is seen 
in their extinct ally the Dodo {Didus ineptus, Fig. 266) of 
Mauritius, which became extinct on the island of Maiiritiua 
in the seventeenth century, while the solitaire, Didus (Pe- 



zophaps) solitariwa, inhabited the island of Eodi'ignez, hav- 
ing been exteiiniimted about the eame date (1681). These 
■were clumsy, defenceless birds, incapable of flight, and 
were destroyed by the domestic animals which accompanied 
the Portuguese voyagers to the Mascarene Islands, 

The wild pigeon {Ectopistes migratoriux) assemblea in 
large flocks, chiefly in the Central States, but though for- 
merly excessively abundant it is now nearly ex terminated, 
and is seen only in scattered small numbers. 

Order 8. Baptores {Raptorial birds). — The birds of prey 
[Raptores), comprising the vultures, buzzards, falcons. 
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hawks, eagles, and nocturnal owls, have a hooked and cered 
beak, i.e., with a waxy, dense membrane situated at the 
base of the upper mandible. The claws ai-e lai^e and sharp. 
The raptorial birds live either on birds and mammals, or 
fish, reptiles, batraehians, and insects. Of the vultures, 
the most notable for size is the condor of the Andes {Sar- 
corhampus gryphus, Fig. 2(17), which has great powers of 
flight, its wings expanding nearly three metres (nine feet). 
The carrion-crow and turkey buzzard {Catharles atratws 
and C. aura) are useful as scavengers, especially the former, 
which is partly domesticated in southern cities and towns; 
they nest on the ground or in stumps, and are more or less 
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social. The bald-lioaded eagle {Haliaetus leucocephalus) is 
dark-brown wlicn young, and before siiedding its youthful 
plumage is larger than the white-headed adnlt. It nests on 
insccesBible rocky points; is the sworn enemy of the fish, 
hawk, and, like it, fond of fish, often wresting its living 
food from the talons of the hawk. This species is the em- 
blem of our country. The osprey or fish-hawk (Pandion 
haliaeijis) is two-thirda of a metre long, nests in tall trees, 
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and is migratory. Among the hawks, the most notable are 
the falcons or hunting hawks, used during the Middle 
Ages in hunting the hai-e, etc.; in nature they chase their 
prey and kill it immediately, devouring it, and rejecting 
the bones and hair of the partly digested food in a ball 
from the mouth. 

The owl is a bird of the night; its flight is noiseless, ow- 
ing to its soft plumage, the feathers having no after-shaft. 
It has large eyes and a hooked bill, giving the bird of Hi- 

OOglf 
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ncrva an air of consammate wisdom. OwIb capture living 
mice and other smull tioetuiiial animals, ej<ictitig from the 
mouth a ball of the indigestible portions of their meul. 
Tlie little burrowing owl of tlie western plains {Spheoiyto 
cunicularia, var. hypngma) consorts with the prairie dogs 
and rattles iiJLkt's, nesting in the hulci" 
when deserted. Their rusty, dull hues 
assimilate tliem with the color of the soil 
tliej inhabit. Our largest owl is the 
great gray owl (Syrnittm dnereum); it 
is nearly | metre {•^ feet) in length, and 
is an inhabiiimt of Arctic America. A 
visitor in winter from the Aretic regions 
18 the snowy owl {Nyclea uiveii), whicli 
is nearly f m,, or two feet long. The 
great honied owl (Bubo Virgiidiinus) is 
about the same size as the snowy otvl. 
but has two conspicuous ear-tiifis, add- 
ing to its height and its general impre^- 
sivenoss as a bird of more than ordinary 
I sagacity. 

Order 9. Pnltaci (Parrots). — Of more 

intelligence and gifted with the power 

of speech are the parrots. The tongue 

^^n^<;^l%ot is large, soft, and remarkably mobile, as 

ISSiSTn^Th^ISI^ ^^^ muscles at the base are more die- 
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msniff) and tinctly developed than in other birds, and 



id three pairs of muscles; hence these birds 
ujruiBunciunmum.j. ^^^ ^^^^^^j^l niimickera of the human 

Toice, imitating the laughter or crying of babies, and re- 
peating brief sentences, while some sing. In proportion to 
their capacity for tallting, parrots command a very high 
market price. Their toes are in jiairs, the bill is cered and 
very stout, adapted for cracking liard nuts. The wish-bone 
is sometimes rudimentary, and the sternum entire, not 
notched. Parrots are monogamous, like the hawks, and 
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nest in rooks or hollow trees. Onr only parrot ie the Cur- 
oMaa-parroqaet (Oonurus Carolinensis, Fig. 2C<8), which is 
confined to Florida. It formerly extended to Ihe Great 
Lakes and to New York, but ia nearly exterminated. About 
three hundred and fifty species are scattered through trop- 
ical countriea, Australia and South America U'iug espe- 
cially favored by these gm-geous birds. Tlie ground parrot 
of New Zealand docs not fly, all the others being good fliers. 

Order 10. Picarim (Woodpeckers, etc.), — Tills is a some- 
what miscellaneous group of birds, comprising the wood- 
peckers, the cuckoos, and allies, with the swifts and lium- 
ming-bii"ds, which connect tho preceding groups with the 
Passerine or singing birds. From the latter the Picarim 
commonly differ in the form of the sternum, in the less 
developed vocal apparatus, there being no more than tliree 
pairs of sepanite muscles, so that the birds are not musi- 
cal; as well as in the nature of the toes and wing and tail- 
feathers. 

The woodpeckers usually have pointed, stiff tail-feathers, 
and the bill is straight and strong. The tongue ia long, 
flat, horny, and barbed at the end, and can be usually 
darted out with great force, so that tlio bird can make holes 
in the hark of trees and draw out with its barbed tongue 
the larva of insects boring under the bark; in this way 
these birds render us signal service. The tongue, as in all 
Tertebrutcs, is supported by the hyoid apparatus, especially 
by two cartilaginous appendages to the hyoid hone, called 
"the horns." These in the woodpeckers, when fully de- 
veloped, are curved into wide arches, each horn making a 
loop down the neck, and thence bending upward, ehdtng 
around the skull, and even down on the forehead. Through 
a peculiar mnscnlar arrangement of the sheaths in which 
the horns slide, they can bo retracted down on the occiput, 
and work as springs on the base of the tongue, forcing it 
out with great velocity. Lindahl has noticed in some Euro- 
pean woodpeckers an nnsymnietric arrangement of the 
horns as indicated in Fig. 269. 

L:,.i,-'z__iv,GoOg[c 
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The second group, the Cuculi, comprise the bom-bills 
of Malaysia, the kingfishers, the toucans of South America, 
known by their enormous vaulted bill, and the cuckoos, 
with their near relations, the African guide-birds. The 
female horn-bill makes a nest in a liollow tree, and the male 
has the extmordinary habit, while the female is sitting on 
her egg, of plastering up the opening with mud, so that 
she can only stick the end of her great bill out of the small 
hole. Tbe male feeds her during the whole time of inca- 



Fia. 270.— NIghlhBwk. Fio. 271.— Eiii£bInL 

bation and until the young bird is fledged. These are suc- 
ceeded by the Ci/pseli, embracing the humming-birds, goat- 
suckers, swifts, nighthawk (Chordeiles Virginianus, Fig. 
26S), and whippoorwill, which have long pointed wings, 
great powers of flight, small weak feet, and, in the hum- 
ming-birds, long slender bills. The latter are peculiar to 
America, being chiefly confined to South and Central Amer- 
iea, only one species { Trochilus colvbris) extending into the 
EasternTTnitedStiitos, though a dozen or more species occur 
in tbe Western United States, and yery many in Mexico. 
OOglf 
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Order 11. Passeres (Percliing birds). — The highest 
gronp of birds, those which sing, are the Puaserine birds or 
perchers. lu these bii'da the feet are adapted for grasp- 
ing, one too projecting backward, while the bill is horuy, 
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usually sliarp — conical, according to Cones. Varitras aa 
are the shape of the wings, they agree in having the great 
row of coverts not longer than half the secondaries; the 
primaries either nine or ten in niinr.bcr, and the secondaries 

logic 
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more tlian six. The tail, extremely T&riable in shape, has 
twelve rectricea {with certain anomalona exceptions), 
There ia but one common carotid artery, and the sternum 
is very niiitorm in shape. Tlieir high pliysical irritability 
is co-ordinate with the rapidity of their respiration and 



circnlation; they consume the most oxygen and live the 
fastest or all birds (Cones). 

There are two groups of Passerine birds, difCenng in the 
structure of the lower lai-ynx; in the first {Clamatores) the 
Tocal organs are moi'e or less rudimentary, the species not 
being singers, while in the second and higher division 
{Oao-ines) the lower larynx is so developed that most of the 
species excel as singers. In the singing birda the vocal 
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apparatus (syrinx), or lower larynx, is situated next to the 
luage at the end of the windpipe, with a mnscular appa- 
ratus formed of five or six pairs of moscles, whose action 
varies the tension of the rocal cords and narrows or widens 
the glottides, which are elastic folds of the mucous mem- 
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brane. A fold of the tympanal membrane of the syrinx, 
called the membrana semilunaris, projects inward. 

EepresentativeH of the Clamatores are the Arcadian fly- 
catcher, the wood peweG, the pewee or phcBbe-bird, and the 
kingbird (Pig. 271). The last, sometime^ called tfao 1»9- 
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martin, destroys a tliousand noxious insects for every bee 
it eats. The lyre-bird (Fig. 272) is also a memoer of this 
gronp. Tliia bird, with tiiil featliers so strikingly devel- 
oped as to i-esenible in outline a lyre, is so peculiar among 
higher Passerine birds that it has buon proposed to sep- 
arate it, with certain probable allies, from all the rest. 

The Oscinea are represented by a host of species. These 
birds stand at the head of their class; and as they are 
mostly of email size, it may be siiid of them that they excel 
in quality, not quantity, being higlily wrought, exquisite 
winged gems; most of them sing. Among the most nota- 
ble are ttie jays, including the magpie of the Rocky Monn- 
tains (Fig. 273), the crow, and blackbird, so useful a bird. 
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notwithstanding its mischievous propensities. The birds 
of paradise (Fig. 274, Paradisea rubra) are allied in their 
size and habits to crows, starlings, and blackbirds, and ai'o 
noted for their beautiful feathers forming plumen, trains, 
funs, or shields, the middle feathers of the tail often being 
lengthened into "wires, twisted into fantastic shapes, or 
adorned with the moat brilliant metallic tints. They in- 
habit N'ew Guinea and the neighboring islands. Succeed- 
ing the crows, etc., are the oriole, whose hanging nest, 
brilliant colors, and lively song render it onti of our most 
interesting birds; and the reed-bird of the Sonth, or bobo- 
link, as it is called in the North, which wakes up fbe 
meadows with his lively notes. The finches with their 
Conicul beaks are succeeded, in the ascending series, by the 
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English sparrow, a bird which perhaps has been ueefnl in 
Eastern cities in destroying canker worms, but is now a 
general nuisance both in the city and the country. Our 
song-aparrow {Mulospiza fa»ciata) \a widely distributed, and 
everywliere commends itself by its pleasant notes. Quite 
opposed in its iiiibits is the butcher-bird or shrike (Fig. 375), 
a qoarrelsome, rapacions bird, which feeds on insects oi 
small mammids, often impaling them on thorns or sharp 
twigs, and leaving them there. The group of vireos or 
greenlets (Fig. 376) are peculiar to America; their bills are 
booked, with a notch at base; they are warblers. The 
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wax-wing (Ampelis cedrorum, Fig. 377) is the type of an 
allied family. Tlie swallows and martins are interesting 
from the change made in the nesting habits of the moi'd 
common species which rear their young in artificial nest^ 
or in barns, or under the eaves of buildings. 

Another group characteristic of North America is the 
warblers, Dendrwa {D. virens, Fig. 378) being the repre- 
sentative genus. On the other hand, the larks are an OM 
World assemblage of birds, but few species occurring in 
this country, while the wrens (Fig. 379) are mostly re- 
gtricted to America. 

L:,.i,-z__iv,GoOg[c 



The Binallest bird in the United States, except the ham- 
miog-bird, Ib the gold-crested kinglet {Regulua satrapa), 
wliich is less than 9 cm. (3^ inches) in length, Jjastly 
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J. 2T9,- Winter Wren. 



come the blnebird, the melodions thrushes, and the mock- 
ing-bird, while at the head of the entire class of birds in 
this cowntrj stands the robin {Turdus migratoriuf). 
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The robin ie onr most common bird; it begins to neat 
before the leaves begin to appear; a pair wiil build tbff ex- 
terior of their neat in two or three days, but the lining is 
not finished until after the first egg is laid: bence it is Hbont 
a week before the nest ia completed and the first egg laid. 

Class VIII. — Mammalia {Rat, Dog, Monkey, Man). 

General Charaoten of Hammali. — In this the highest 
class of vertebrates liair takes the place of feathers, and the 
young are nourished with milk. ^^ 

Mammals walk on all fours, man j/S'v 

being the only truly upright yyji 

mammal, walking firmly on his r>\ j/x^ /It 

hinder limbs, and nsing bis fore \ \^<^^ /4/ 
limba as arms for grasping and \_j;^!/' //jl 
performing all those actions j/fj 

which minister to bis intellectual j/// 

wants. fl// 

As we ascend in the mamma- /w 

lian series, the limbs, particu- jjl 

larly the fore-limbs, ai-o vari- iW 

oualy modified. The limbs of llm 

Vhales are paddle-liko, though il,Ln;J™ffl(IL 
the bones of the limbs are ideuti- ^^^'^^W 

cal with those of other mammals. ^^W 

The feet of the seal are webbed, Y 

forming flippers; it cannot sup- fio. sso.-Arm.boEes of the 
port itself on its limbs, but the f'"™"*" """^ey ut^a). 
fore-feet have considerable freedom of motion. In the dog 
the fore-limbs have but little motion of the radius on the 
ulna, bat the cats have more of this rotary motion, enabling 
them to grasp with the fore-foot. This rotary motion of 
the fore-arm, the foi'o-foot becoming a harvi, is seen in the 
thumbless monkeys (Fig. 380), and in those provided with 
a thumb, in the gorilla, and especially in man. The ex- 
treme of specialization of all four limbs is seen in the horse, 
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whicb has bnt one digit or toe and valks on its single toe- 
nail. 

Mammals have larger brains, and a more room; brain- 
cavity in the skull than any ot the lover animals, while 
the teetli are of four kiods, i.e., molars, premolars, canineB, 
and incisors. 

Man; mammals, especial]; those that chew the end, as the 
deer, oz, rhinoceros, etc. , are armed with horns. There are 
two kinds of horns— those with a bon; core surrounded with 
a homy case of skin as in the deer; while in others, as the 
antelopes, sheep, goats, and ozea, the horns are hollow. 




In most horned mammals the horns are not shed; in the 
deer the; drop ofE every yearj in tlio prong horned ante- 
lope the horns are iilso shed yearly. 

It is a rule that the males of sach animals as are provided 
with tuska or horns always figlit for the possession of the 
female. It is so with bulls, deer, elephants, boars, and 
rams; at the same time these are organs of defence hy 
which the males pri^tect thoir family, flock, or herd. On 
the other hand, in the female rhinoceros, some antelopes, 
the reindeer, as opjiosed to the other deer, some sheep and 
goats, etc., the horns are nearly as well developed as in the 
opposite sex. The modes of attack are various: the ram 
charges and butts with the base of his boms, the domeatio 
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bull gorea und toBses any troublesome enemy, while the 
Italian baflalo " is said never to use his horns; he gives 
a tremendous blow with his convex forehead, and then 
tramples on hia fallen enemy with hia knees." Darwin 
also says that male quadrupeds with tusks use them in a 
variety of ways: thus the boar "strikes laterally and up- 
ward, the musk-deer with serious effect downward," while 
tiie walrns can strike either upward, downward, or side- 
ways with equal dexterity. 

The moles are usually liirger when there is anydifference 
in size; this is seen in the eared seals, in the ox, Indian 
buffalo, and the American bison, as well as the lion. The 
mane of the latter adds to its appearance of greater weight 
and bulk, and Darwin says that the lion's mane "forms a 
good defence against the one danger to which he is liable 
— namely, the attacks of rival lions," As regards distinc- 
tions in color, male ruminants are most liable to exhibit 
them. Ill the Derbyan eland the body is redder, the neck 
much blacker, and the white band separating these colors 
broader than in the females. In the Cape eland the male 
is slightly darker than the female. In the lu'dian black- 
buck the male is very dark, almost black, while the female 
is fawn-colored: mule antelopes are blacker than the female. 
The Banteng bull is almost black, while the cow is of a 
bright dun. Among the lemurs the male of Lemur macaco 
8 coal-black, while the female ia reddish yellow. The 
sexes of monkeys differ much in coloration. Certain male 
seals, bats, rats, and squirrels have brighter colore than in 
the opposite sex. On the other hand, the female Rhesus 
monkey is adorned with a brilliant red naked ring araund 
the tail; this is wanting in the male*, which, however, is 
larger, with larger canines, more bushy whiskers and eye- 
brows; and Darwin states that iu monkeys the mules usu- 
ally differ from the females in " the development of the 
beard, whiskers, and mane." 

The vocal organs of mammalsare, in general, constructed 
on the same type. The larynx ia formed by a modification 
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of the npperniost ring of the windpipe, called the cricoid 
cartilage, to the anterior and dorsal edges of which two 
arytenoid cartilages are attached, while a V shaped thyroid 

cartilage, open behind, is attached to its aide. The vocal 
cords, which are modified folds of the inucoua membrane 
lining the windpipe, are stretched between the arytenoid 
and thyroid cartilages, the slit between them being called 
the glottis, which is covered by the epiglottis. Thus, in 
mammals the organs of voice are situated almost solely at 
the upper end of the trachea or windpipe. In the voiceless 
whales the vocal cords are not developed. The male 
gorilla, which has an exceedingly loud voice, aa well as the 
adult male orang and tlie gibbon, is provided witli a laryn- 
geal sac In the howling monkey of Brazil, the hyoid 
apparatus and larynx are remarkably modified, the body 
of the former being changed into a large bony drum or 
air-sac communicating with the larynx. The vocal organs 
are a thii'd larger in the males than in the females. "The 
males begin the dreadful concert, in which the females, 
with their less powerful voices, sometimes join, and which 
is often continued during many hours" (Darwin). They 
apparently howl, as birds slug, for the simple pleasure of 
the thing. Apparently, the most musical mammal, man 
excepted, is a gibbon, which can sing "a complete and 
correct octave of musical notes." 

Animals are mutually attracted or are individually pro* 
tected from the attacks of other species by odors. The 
scent-bags or odoriferous glands secreting a fluid differing 
in consistency in different animals, are situated near the 
base of the tail, as in the skunk, pole-cat, musk-deer, civet- . 
cat and allies, or they may be developed in the side of the 
face, as in the male elephant, as well as sheep and goats. 
The odor is either of musk or some form of it. The shrew- 
mice, by reason of their odoriferous glands, are disliked 
and consequently not hunted by birds. TTniversal defer- 
ence is paid to the skunk; few dogs, and only those which 
are inexyerienced or peculiarly gifted, attacking theni, . 
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Some mammala have a summer and a winter dresa. The 
hare, at the beginning of winter, doffs its eummer coat for 
a suit of white. The hibernation, or winter-sleep, is a re- 
markable feature in the life of quadrupeds living in the 
north temperate zone, snch as the bear, dormouse, and 
bats. During this period tho temperature of their body 
falls, respiration and circulation iii-e lowered in the one 
.case, or nearly ceases in the otlier, and life is sustained by 
their living on the fat which nccumulatea on the under 
side of the neck in the so-called hibernation -glands. 

There are about 3500 species of mammals described, of 
which 2100 are living; of these 310 inhabit America north 
of Mexico. Mammals live all over the earth's surface, but 
mostly in tho tropical regions. Tiie geogi-aphical range 
of certain species is very great — for example, the cougar, 
panther, or puma ranges from British to South Ameiica 
(Chili). 

Sub- Classes of Mammals. 

1, With long toothless jaws like a duck's 

billJayingegRRinftmammsrypoiich. Ornilhodelphia; Duckbill, 

2. With ft poucli for holding the joang. Marsupialia: Opossum. 
8. With H placenta; brain in most cases 

with convolutions Monodelphia: Bat, Dog, etc 

Sub-Cla88 I. — Ornithodelpiiia. 

Oeneral Characteri of Konotremes. — Tlie duckbill and 

spiny ant-eater (Fig. 284, Eckidim hystrix) are the only 
representatives of the sub-class, of which there is but a 
single order, called Monotremes. Besides peculiarities in 
the breast-bone and other parts, one of the most obvious is 
the long, toothless jaws (there are eight horay teeth in the 
duckbill), which are long and narrow in the Echidna, or 
broad and flat in the duckbill {OrnithorhynchuB para- 
doxus), where it is covered by a leathery integument; the 
external ear is wanting. Both animals lay true eggs. 
In the aquatic duckbill (Fig. 383) the feet are webbed^ 



with claws of moderate size. It is covered with a soft fur, 
and is about half a metre (17-23 inches) long. Its habits 
are like those of a mnakrat, fi'equeuting rivers and pools in 
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Australia and Van Diemen's Land, sleeping and breeding 
in holes extending from under the water up above its level 
into the banks, and with an outlet on shore. It lives on 




Fie. 2Bi. — a. Young Duckhtll: Ii, youDt; Echidna; e, section of the ventral 
pouch. From I.Utken. 

molhisks, worms, and water-insects. Yonng duckbills 
five cm. (2 inches) long have been found in tlieir nests. 

The spiny ant-eater (Figs. 283, i, c, and 284) is repre- 
sented by three species, one inhabiting Australia, another 
Port Moresby, New Guinea, while the third form inhabits 
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the elevated portions of northern New Guinea. In these 
aiugular animals, which in eooke respecbs are a connecting 
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link between birds and mammale, the tongue is long and. 
slender, like that of the ant-eater, while the body is armed 
with quills like those of a porcupine, as well as liaira. The 
claws are very large and strong, adapted tor tearing open 
ant-hills in order to devour the ants. Its eggs are % cm. long. 

Sub-Clasb II. — Marsupiama. 

General Characters of Marsupials. — These are singular 

forms, represented by the opossum in this country, and the 

kangaroo, with a number of other forms, in Australia. 

They differ from nil other mammals in having a pouch 




Pro, ass.— Opossum, with aide view of pelTia, with the marsupial bone, IC 



(marsnpiam) for the reception of the young immediately 
upon birth, where they are atUched to the nipples at the 
bottom of the pouch. This lai'ge poueh (which is however 
absent in certain opossums and in the "Tasmanian devil") 
issupported by two long slender bones (Fig. 285, Jf) attached 
to the front edge of the pelvis, and projecting forwards. 

In the opossum, the kangaroo, and probably most mar- 
supials, the young, which are very rudimentary and small 
when born, remain in the pouch attached to the nipple, 
which fills the month. " To this it remains attached for a 
considerable period, the milk being forced down its throat 
by the gontfaction of the premast^r mnsple. The dan^r 
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of Baflocation is avoided by the elongated and conical form 
of the upper extremity of the larynx, which is embraced by 
the soft pulate, as in the Ceiacea, and thus rcBpinttion goes 
on freely, while the milk posBos, on each side of the laryn- 
geal cone, into the (esophagus." (Huxley.) 

Long after the yonng are weaned, and when they are 
partly grown, they run into the pouch upon the approach 
of danger, or enter it when tired, and, there safely ensconced, 
peeping out to see if the danger is past, they present a 
comical sight. 

The lowest marsupial is the Tasmanian wolf, which is 
rather smaller than the true wolf. The Tasmanian devil 
is a vicious creature, troublesome to settlers; it is about 
the size of a badger. 

The opossums inhabit North and South America. They 
have a long, nearly naked, scaly tail, and they walk, like 
bears, on the sole of the wliole foot. The species range in 
size from being a little hirger than a mouse to the size of 
a cat, and they live on birds and their eggs, reptiles and 
insects. The Virginian opossum {Didelphya Virginiana, 
Fig. 285) lives for the most part in trees. Lawson says 
that " the female doubtless breeds her young at her teats, 
for I have seen them stick fiist thereto when tliey have been 
no bigger than a small raspberry and seemingly inanimate. 
She has a paunch, or false belly, wherein sho carries her 
young after they are from those teats, till tlieycan shift for 
themselves. Their food is roots, poultry, or wild fruits. 
Tbcy have no hair on their tails, but a sort of a scale or 
hard crust, as the beavers have. If a cat has nine lives, 
tliis creature surely has nineteen; for if you break every 
bone in their skin and maeh their skull, leaving them for 
dead, yon may come an hour after and they will be gone 
quite away, or perhaps you may meet them creeping away." 
(" Perfect Description of Virginia," 1649,)* 

* Goase, in bis " Letters fmrn AInlMinA," thus desciibes this ftnl- 
mal"! trick of "playhij'poseura." 'Xho creature liad 1>?c« worried 



There are sqnirrcl-Iiko fijing tnnrsupiala (Petavrus), 
marenpial rats, marBupial bears, and marsnpial ant-eaters 

nearly to death by dnga. " Tliougli if left alone for a tew momenls, 
the attention of the byBtandera apparently diverted from it, it would 
get on its legs and twgin lo creup slyly away; yet no sooner vas an 
ejo turned towards it, tban it would croucU up, lie along motiooleM 
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{Myrmecdbius), but the most characteristic Auetralian ani- 
mals are the difEei'ent kinds of kangaroo {Macropus theti- 
dis, Fig. 286). 

The largest apeciea, M. giganteus, is 1.8 metres, or nearly 
six feet long, being as large as a sheep and sometimes weigh- 
ing 140 pounds. Like other kangaroos, it goes ia herds, 
and moves by a succession ot long leaps, clearing obstacles 
BQven or eight feet high. 

All marsupials are stupid, low in intelligence, and, in 
tliose which eat flesh, of vicious temper. With the excep- 
tion of the opossums, all aie confined to AuBtralia, New . 
Zealand, and Xew Guinea. 

Sub-Glass IIL Monodelphia. 
General Characters of Placental Kamiiial& — The mem- 
bers of this group are called placental Mammalia, because 
the young at birtli are of considerable size and nearly per- 
fect in development, being nourished until born by a highly 
vascular mas^ or thick membrane (placenta) supplied with 
arteries and veins, developed originally from the allantois, 
which is a temporary embryonic membrane. The brain, 
as a rule, is higher than that of any of the preceding mam- 
mals. 

OBDERS of PLACEOTTAIj Ma mm*tj , 



1. IToindBorteeUi;BOinelimeBeatire- 

ly tooihleaa Brute; Sloth, etc 

3. Rodents; wilL large iuciaor teelh. . GUreg; Rat, etc. 
8. Fore limbs often adapted for bur- 
rowing; teeth sharp; fccdiog on 

iosecls Inseeliwra: 'lilo\ce, etc. 

4. Fore limbs long, webbed, and 

adapted tor flying Chiroptera: Bais. 

with all Its limbs supple, as if just dead ; nor would aoy kicks, cuffs, 
or liaodlings avail to produce the least token of life, not the openiDg 
ol an eyelid, or the moving ot a foot." The only sign of life is the 
tip of the prehensile tail, the end of which remains coiled up; iq 
death thia would IK reltised permanently. 
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5. Cetaceans; bod; flah-like In shape; 

no liiiid limbs CeU: Whales, etc 

6. Bo()j flsh-like in Bhape; teelli like 

those of rumitiaDls Sirenin; Manntee. 

7. Snnut prolonged into a proboscis. Pj'oA(MetiJ«a.' Elephants. 

8. Long curved incisor teelh; feel wiih 

puds; toes hoofed Ilyraaiiden: Hyrni. 

9. Toes hoofed U'^guUiUt: Horse, Ox, etc 

10, Teeth poinltd for tearing fltsh: 

claws lari^e Cai-ninora: Dog, Cat 

11. MailsusuallypL-esent; walking on all 

fours; or using fore legs as hands, 
or erect and walkicig on the bind 

legs PrtDiotei.-Moukey, Ape, Man. 

Order 1. Brula or Edentata. — Tlicsc ereuttires, repre- 
sented by the sloths, ant-eaters, pangolins, uiid armaOillos, 
stand tiest above the mtirsnpiuta, as the 
p brain is but little better devclupcd than 
in tlic ]utter animals. The teeth niay 
be absent, as in the common unt-euter, 
but when present they are not encased 
in enamel. Usually there are no inelsor 
teoth, but those on the sides of the jaw 
may exist in the armadillo. The feet 
ai-e adapted for grasping or digging, 
and end in lai'ge straight or curved 
claws. The botiy is eiihor hairy or 
protected, as in the pjmgolius and ar- 
madillos, u'ith large thick scales. They 
feed on insects and decayed animal 
^^^sZtb] iuti^LZ. matter, oi- on leaves. They ai'o of mod- 
rai attitude. eratc sizc, though certain cKtinct forms 

were colossal in stature. 

The leaf-eating forma, \iz., the sloths, differ from the 
other Brtita in the very long and slender limbs, the hinder 
pair the shorter. Tliere are five teeth above and fonr 
below, which become sharp with use, like chisels; the stom- 
ach is said to be remarkably complex. In disposition these 
creatures are tv|>es of Eluggi^huess; they live In trees, being. 



absolutely helpless on the ground, not being capable of 
walking on the bottom of the foot. 
Waterton says that, in climbing, the ai {Bradypua trv 



Via. £88.— Pangolin {Manit lonaicaadaUi) robbing vhit»«iit neste 

dadylus, Fig. 28?) uses its legs alternately; that its hair 
" is thick and coarse at the extremity and gradaally tapers 
to the root where it becomes fine as a spider's web. His 



Fio, S88.— DfWipiM (iTcinefu*. From LOtken's Zoology. 

fnr has so much the hue of the moss which grows on the 
branches of the trees, that it is very diflScult to make him 
out when he is at rest." 

L,:-z__lv,GOOg[c 



In the ant-eaters the jaws are toothless, but very long, 
aud the tongne is of great length and very extenaile; the 
Bob-maxillaiy glands are very large, so that the viscid sali- 






i'il 
a- 

HI 

III 
til 



til 

m 



vary fluid ia very abundant. They burrow into ant-holes, 
thrusting the tongne among the ants, which stick in mul- 
titudes to the viscid, writhing rod, and are withdrawn into 
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the moath. The ant-eaters {Myrmecophaga) inhabit South 
America. 

The pangolins, or species of Mania (Fig. 288), are mail- 
clad aiit-eatera, the body and long tail being covered with 
large overlapping scales. When molested tliey roll up the 
body. In walking the hind feet rest on the soles, while 
the fore feet are supported by the upper side of the long 
bent claws. 

The long-tailed pangolin of the West Coast of Africa 
(Fig. 288) tears open with its long claws the nests of the 
white ants. It is nearly f metre (38-30 inches) in length. 

The armadillos arc small mammals covered with a siiell, 
consisting of from three to thirteen transverse rows of 



Ste. 291.— Hlne-bouded Annadillo. From LOtkeD'B ZorAogj. 

moTablo scales; by rolling into a ball, these singular crea- 
tures become thoroughly protected from their enemies. 
Dasypus novem-cinclus (Fig. 289) is much like the Peba 
iirmadillo (Fig. 390), and extends from South America to 
Texas. The thrce-banded armadillo (Fig. 291) can roll 
i'self into a ball; it is an inhabitant of Brazil, Buenos 
Ayros, and Paraguay. Aeeoi-ding to Herbert Smith, the 
armadillos in Southern Brazil burrow in Ihe grass of the 
plains, and the smaller species tear open the high conical 
nests of the white ants. " These nests are almost as hard 
as brick; the bones and muscles of the fore feet in the 
armadillos are specially modified so as to secure great 
strength for digging, and the large claws are used like 
miniature picks in boring into the tough clay." {American 
Naturalist, July, 1883). ^- , 
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The singular aard-Tark or OrycteropuB {0. capensis, 
"Pig. 292) inhabits South Africa, and ia timid and nocturnal 
in its habits, feeding oa white ants. 

Order 2. GUres (RodeDtiu). — Tlie rats, squirrels, porou- 
■ptne, and beaver are common examples of this extenBivc 
group. They differ frqm animiUs of otlier orders in the 
large incisor teeth and in the absence of canine teeth. The 
feet are adapted for wnJlting and climbing or burrowing, 
die daws being long and curved. A peculiarity in the in- 
cisors is that they grow out as fast as they are worn down; 
this is due to the fact that the palp is persistent; the 
enamel in front causes them to wear away behind so that 



Fia. £».— 0i7CbiT0pm. Pyam LtUken's Zoology. 

they are chisel -shaped. The species are prolific, live mostly 
on vegetable food, and are of small size; tJie mnskrat, 
beaver, and cupvbara being the largest members of the 
order. The flying squirrels (Fig. 293) take short flights 
by means of the expansion of the skin between tlie fore 
and hind legs, gliding from tree to tree as if supported by 
a parachute. They are only active at night. 

The Norway lemmings (Myodes) are noticeable for 
their remarkable migrations from the elevated plateaus' of 
Scandinavia down and into the sea; the object and origin 
of which are inexplicable, and are not indicative of mach 
intelligence. While the ti-ue lemming has very small but 
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woll-formed ears, the Hudson Bay lemming {CuniatluB 
torquatvs) has no sxternftl ears. It becomes pure white in 
winter, while ihe lemmings do not change. It inhabits 
the arctic regions of Asin and Europe aa well as arctic 
America and Greenland. In summer it bnrrows under 
stones in dr; ridges, and tu the winter nests in the mosa. 



Fra. »S.— Firing Sqnbrd (Sciuroptenu Dolont), one bolt natuni rin. 

f^om their nest-building habits, rodents are, as a ralo, not 
unlike birds; and Owon, for these reasons, ascribes to them 
a low degree of intelligence. Granting that tliis is the 
case, an exception to this rnle is seen in tbe social beavers, 
which evince a high, exceptional degree of intelligence. 
Beavers build a dam in a running stream so as to create an 
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artificial pond as a refnge when attacked, as well as a enb- 
aquatic entrance to their lodges and to their burrows in 
the banks of the streams they inhabit. Beaver dums are 
bailt at first bj a single pair or family, and are added to 
from year to year, and afterwards maintained for centnries 
by constant repairs. They are built of sticks and mud, 
usually cnrre np stream, with a sloping water-face. Beav- 
ers lay up stores of wood for winter use in the autumn; 
they can gnaw through trees eighteen inches in diameter; 
they work mostly at night. They often conBtruct artificial 
canals for the transportation of the sticks of wood to their 
lodges. This, in the opinion of Mr. Morgan, "is the 
highest act of intelligei: ce performed by beavers." When 
ponds do not reach hard-wood trees or ground in which 



Flo. tH.— Sevellel or Sbowt'I. Much reduced, 

they can burrow for safety, they will build ennuis with 
dams, and so e^ccavate them that they will hold the surface 
drainage. Morgan describes one canal about 161 metres 
(533 feet) long which "served to bring the occupants of 
the pond into easy connection, by water, with the trees 
that supplied them with food, as well as to relieve them 
from the tedious, and perhaps impossible, task of moving 
their cuttings five hundred feet over uneven ground, unas- 
sisted by any descent." Beavers, in swimming, use their 
tail as a scull, and the hind feet being webbed, its propel- 
ling power while swimming is very great. They carry 
small stones and earth with their paws, holding them 
under the throat, and walking on their hind feet. They 
ase the tail in moving stones, working it under soastc 
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" give it a throw forward, " Beavers are very social, work- 
ing together and storing up wood in common. " A beaver 
family coneists of a mule and female, and their offspring 
of the first and second years, or more properly, nnder two 
years old. The females bring forth their young from two 



FiQ. 39S.— Alpine Hare of the Rockr Uoiuitaliis. 

to five at a time, fn the month of May, and nuree them for 
a few weeks, after which the latter take to bank." They 
attain their full growth at two years and six months, and 
live fi'om twelve to fifteen years.* 
Allied to the beaver, bat forming the type of a distinct 

* Tbe American Beaver and his Works. By Lewis H. Morgao. 18S8. 
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family, \b Mie singular sewellel or ahowt'l (Hoplodon rufus. 
Fig. 394) of the mountEiina of western Oregon and Wasb- 
ingtou Territory. It ie nearly as large as a mask-rat, is 
nocturnal in its liabits and therefore rarely seen, and bnr- 
rowa in the earth, feeding on roote. 

Tlie lowest in intelligence are, perhaps, the hares, rep- 
resented by the common varying hare {Lepua Amertcanus), 
of which an interesting variety {/,. BairdU, Fig. 295) lives 
on the Alpine summits of the Itocky Mountains. 1'he hares 
are mainly nocturnal in their habits, living concealed by 
day in shaded places, under fallen trees or in burrows iu 
thickets and swamps as well as forests. Oar commonest 
species is the white hare {Lepus Americanus), which turns 
white in December, changing to its summer dress in April. 
It eats grass and herbjige in summer, in winter it gnaws 
the bark of the willow. The long-eai-ed kinds live in the 
desert regions of the western plains, those with longest ears 
in tlie driest tracts. The gray rabbit or "cotton tail" 
{Lepvs sylvaticus) docs not change its fur iu winter. In 
the east, according to Mr. Lockwood (American Nntural- 
l»t, 188''^), it makes a rude nest by scratching a hole slop- 
ing slightly downwards into the ground about eighteen 
inches. " It has a bed made of dry leaves and grass, and 
on top some fur or hair, which the mother has torn from 
her own breast. The litter numbers from four to six." 
There are three or four litters a season. The jackass rab- 
bit {Lepus calloHs) is so called from its large size and enor- 
mous ears; when mniiing among prickly pears and sngc 
brush it looks absurdly like a diminutive jackass. The 
name rabbit is only applicuble to Lepus cuniculus, the do- 
mestic burrowing i-abbit of Europe, which is gregarious and 
varies so wonderfully under domestication. All the hares 
are solitary and make nests or forms of gi-ass on the surface; 
while rabbits are born blind and naked, hares are said to 
be born with the eyes open and hairy. The water-hare 
{L. aquaticus) lives near the water and swims and dives 
when pursued. In Australia the rabbits introduced there 
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have spread bo aa to threaten the sheep-raising indnsfry, as 
they crop the herbngp, leaving none for the sheep. One col- 
ony has alone lost, in 1883, 2.000,000 sheep by tli(-m. Allied 
to the hares is the social pika or little chief hare {Lngnmys 
princes), which abonnds among loose rocks from a little 
below timber-line to the snow-line in the Rocky Monntains. 
Itsitscreet like a marmot, and makes sqneDking, faint bleat- 
ing cries,* which appear to come from a greater dislance 
than is really the case. It resembles in shape and color the 
Qninea-pis, anrl ia only seven or eight inches long, being 
of the size of a rat. The largest of all existing rodents lathe 
oapybaraof Sonlh America, which looks likcaiiig. This is 
sncceeded by the alow, ngly porcupine {Fig. 315), which 
either lives in trecsorbnrrows in the oarth; itoats the bark 
and leaves of pine, larch, spruce and other frees, and the 
bnds of the willow. The qnills full out at the slightest 
touch, ami. lodgod in the skin of a dog or wolf, are said in 
some cases to make their way into the body until they cause 
death. The ]>orcnpine makes its retreat among the roots 
of an old tree, where it sleeps much of the time. When 
disturbed it makes a whining or mewing noise. It pairs in 
British America at the end of September, and bnngs forth 
two yonng ones in April or May. The more intelligent, 
active forms are the beavpr, mufk-rat, the Euro]ioan blind 
rat (Spalax. Fig. 296) the rats and mice, squirrels, and 
lastly the marmots. The domestic monse and the two 
rats, the brown or Norway rat {Mus demimanvs), the black 
rat {Mus rattux), nnd the common house mouse (Mns 
mutcuhis). are cosmopolitan animal)'. The mnsk-rat or 
musquash (Fiber Zibefhicus) has the bind feet partly webbed, 
so that it swims and dives well. It ranges from Florida to 
Arctic America. Northward it has tjiree litters in the 
coui-se of the summer, and from three to seven at a litter. 
It feeds on the roots and tender shoots of rushes nnd of 



a sbarp, slirill, liarking cry;" but those we 
em more like a faint bleat. 

_ .Google 
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the sweet flag, as well ae nmssels. In the autnmn, before 
the shallow lakes and swiimps freeze over, it bailds its low 
couical house ol mud, the base high enough to raise the 
interior above the level of the water; the entrance being 
nnder water. When the ico forms the mnek-rat makes 
breathing holes through it, and, saya Richardson, protects 
them from the frost by a covering of mud. In severe win- 
ters these holes hll up and many of the animals die. In the 
snmmer it makes long barrows in the hanks of streams, 
witli a dry nest at the end. Richardson says that it calls 
" to its mutes by a peculiar shrill whistle. On the approach 



Fia. 396.— The Spalai or Bjrnd-Rat. 

of a man it ntters a feeble cry, like the eqneak of a rabbit 
when hurt." (Fauna Bor. Amer., i. 2^7.) 

Of the squirrels the chipmunk {Tamias Astalicus) inhab- 
its Northwestern America; it is striped with five black and 
four white stripes on the hack. It is au active and indus- 
trious little creature, with its cheek-pouches full of seeds. 
During the winter it lives in a hurrow, with several openings 
mode at the base of a tree. The chickaree or common red 
squirrel (Sciurtis Hndsonius) may be seen in the dead of 
winter in pleasant weather; it burrows under trees; it feeds 
chiefly on nuts and seeds, and in the fur countnes subsiFts 
chiefly on the seeds and yoimg buds of the spruce. In New 
England it eats the seeds in pine cones, letting the scales 
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fall to the ground under its seat on a lofty pine bongli. In 

the winter it collucta the cones of aprnce and pine, and car- 
ries them to the entrance of its burrow, where it picks out 
the seeds beneath the snow. It also makes hoards of seeds, 
etc., on the approach of winter. 

The gray squiiTel {SciurusCarolhiensis) makes rnde nesta 
of leaves in trees where its young may be found in April 
and May. It feeds on nuts and acorns, and is active dur- 
ing the winter. 

The wood -chuck {Arctomys monax) is a mischievous crea- 
ture, destructive to gardens and field crops, eepeelally red 
clover. It is rather social, making burrows in (he sides of 
hills which extend to a gre;it distance, and end in various 
chambers, according to the number of iuhabitunta. The 




chambei's are lined with dry grass or leaves, and here they 
pass the ffintor in a torpid state, previously closing the en- 
trance. There are six young to a litter. 

The common pocket gopher {Qeoviys bursarius, see 
Frontispiece, left side) burrows in sandy soil and feeds on 
iicorns, nuts, roots, and grasps, which they carry to their 
burrows iu tlieir enormous hanging cheek -pouches, wliioh 
when full have an oblong form and neai"ly touch the ground. 
It inhabits the valley of the Mississippi and its tribntaiiee, 

The jumping mouse (Fig. 297) lias remarkably long hind 
legs and short fore legs. This creature hibernates in the 
winter months. AccordingtoMaynard, it enters the ground 
before the frosts set in, and makes a burrow from five to 
seven feet in depth, usually in sandy soil At the end of 
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this barrow it conHtracts a neat of dried grass, in which il 
lies cnilod np in an unconscions stiite. Peculiar to the 
WoBt«rii pluins is the prairie-dog {Cynomys Ludovicianusj 
Bee FrontiBpieco, on the right side), which represents the 
marmots of the Old World; it is scmi-Eociiil, utid takes in 
perforce as boarders the owl and rattlesnuke, which devour 
its young. 

Order 3. Insectivora. — In the moles the fore feet arc 
plantigrade, with largo claws, and Iho entire limb is sliort, 
thick, moscular, and adapted 
for burrowing in the soil (Fig. 
293). The shrews comprise the 
smallest miimmule. !Ncarlyall 
s are nocturniil, buiroiviiig under 
the stirfiico, and never seen by 
day; consequently, their eyes 
are small, and mostly Lid.nnder 
the fur; while the ears are small 
and concealed by the hair. 

The shrews are mouse-like, 
having feet of the normal form, 

Fio. ina,— Bone« of fore-leg of % anA alone nosp Tn nnr fom- 
MolB. BS, the cubitBl scapula; 63, '""^ " '""B ""=*■ ■»" ""' l-"™ 

huinenia; 54. ulna; SB, radiiia. mop shrcw {Sorex platyrhinus. 
Fig. 299), the nose is long, and the tail shorter than the 
head and body. 

The gennina mnles are the characteristic forms of the 
order; the most peculiar being the star-nosed mole, Condy- 
lura cristdta, which occurs from the Atlantic to the Pacific 
Ocean, while the common mole {Fig. 300) is abundant in 
the E:i8tern United States. 

A flying form, with a anperficial resemblance to the bat, 
and with the same habit of sleeping head downward, hold- 
ing on by its hind feet, is the Oaleopitliecus of the East 
Indies. This singular creature has been placed among the 
lemurs by some authors. 6. volans inhabits Java, Suma- 
tra, Borneo, and Siam. 

This creatnre, says Wallace, has a broad membrane ex- 
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tending all round its body to the extremities of the toea, 
and to the point of the rather long tail This enables it 
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to pass obliquely through the air from one tree to another. 
Wallace observed one fly seventy yards, the amonnt of de- 
scent not beiug more than thirty-flve or forty feet, or less 



Hole {Scalopt oijuaficua LIud.). 



than one in five. "This I think proves that the animal 
must have some power of guiding itself through the air. 
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otherwise in so long a distance it would have little chance 
of alighting exactly upon the trunlc." Its food consists 
chiefly of leaves. 

Order 4. Chiroptera (Bats). — The bats fonn a well-cir- 
cumscribed group of mammfils, very distinct from any 
other, especially in the greatly modified fore-limbs, the ra- 
dius and nlna beirtg united, and the second to the fifth 
metacarpal bones and piialunges being very long and slendvr, 
supporting a thiu, leathery membrane or skin, extending 
to the hind lege, and wholly or partly enclosing the tail; 
the hind toes being, however, free, as when at rest or in 
the vegetarians when feeding, bats hang head downwards, 
holding on by their claws. The sternnm is liliglitly keeled 
for the attachment of tbe muscles of flight. The mam- 
mary glands are pectoral. In other respects, especially the 
dentition, the bats resemble tbe Inseciivora. The form of 
tlie teeth differs from the ordinary inseciivoroua bats in 
those which live on fruit The vegetable-eutiug or fruit- 
ing bats have a anperfioiul resemblance to the flying lemurs; 
and because their mammse are pectoral, have been placed 
next to the Primates, 

Bats live in caves and in the hollow of trees by day; all 
hibernate in the same situations, going into winter quar- 
ters in the autumn, and reappearing in the warm twilight 
of spring. Though tbe eyes are small, and the sight, so 
far as we know, deficient in keenness, they show wonderful 
skill in avoiding objects during their rapid flight. The ears 
are Terj large, and in the vampires the nose is adorneii 
with sensitive, leaf-like growths of complicated form. Cer- 
tain bats, but not the true vampires, .are known to enter 
houses and to suck the blood of sleeping persons, who 
awake to find their feet covered with blood. 

The largest bats are the fruit bats or flying foxes (Ptero- 
pus) of the Eiist Indies, one species of which expands one 
and a half metres {nearly five feet) from tip to tip of the 
wings. They assemble in large flocks in the Moluccaa to 
eat fruit, by day hanging by thousands on the trees.- Our 



TItE WIIALBS, 263 

commonest species is the little brown bat ( Vespertilio sub- 
ulatus); nearly as common is the red bat or Atalapha 

noveboracensie. 



Order 5. Cele (Ceiacea, Whales). — The foregoing orders 
belong to a series called Ineducabilia, because they are not 
generally so intelligent as the Bncceeding orders, their braia 
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having the cerebral hemispheres email, smooth, with none 
or few convolution H, in front not covering tite olfactory 
lobes, and bcliind leiiving the cerebellum wholly or partly 
uncovered. We now come to the Educabilia, in which the 
brain is more highly developed, the cerebral hemispheres 
being furrowed or convoluted, and partly or almost wholly 
covering the cerebrum. We begin with two very aberrant 
orders, the whales and Sirenians, in which the body is fiah- 
like, though the tail is horizontal; the pelvis and hind 
limbs are wanting, either wholly, or minute rudiments 
may be present; and they are aquatic, occasionally leaping 
oat of the water, but usually only showing the dorsal fin 
or nose when at the surface to breathe. 

The whales and porpoises have a large, broad brain, with 
numerous, complicated, and deep convolutions. 

In the skull the apertuie for the spinal cord is entirely 
posterior iti situation and directed somewhat upward. The 
lower jaw is straight. The teeth are conical, with a sin- 
gle root, but are sometimes wanting. There is no neck; 
the cervical vertebrse are sometimes confluent, forming a 
single mass. The limbs form a pair of paddle-like append- 
ages just behind' and under the head, which are supported 
by short, flattened limb-bones, the carpida and phalanges 
often separated by cartilage; tiie second digit being com- 
posed of more than three phalanges. There are two mam- 
msB situated neai' the' tail. The external nostrils are either 
single or double, and are situated on the top of the bead; 
they are modified to form the spiracles or " blow-holes;" 
certain folds of the skin prevent the water from entering 
the air-passages. The vapor blown from the holes does 
not consist of water, but of the mucus from the nostrils, 
and the moisture in the breath. The blow-holes vary in 
form in different kinds of whales. The " spout" or stream 
of vapor issues in a single short stream from the extreme 
end of the snout, and curls over in front of the head; that 
of the fin-back whale forms a single column of vapor about 
ten feet high; the right, humpback, and sulphur-bottom 
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vbaks each " blow" in a double stream, which is directed 
backward toward the tail. 

-' Whales are rarely over fifty feet long; the sperm-whale 
has been known to reach a little over twenty-three metres 
(76 feet) in length, hnt Professor Flower questions whether 
the sperm-whale frequently, if ever, when measured in a 
straight line, exceeds a length of sixty feet. The largest 



F.o.aiW. -Fin-whale. From LUtken'e Zoology. 

of all whales, as of all existing aoimals, is the fin-huck 
(Fig. 302) or rorqual {Balmnoplera hoops), which some- 
times measures thirtv-fonr metres in length. The smallest 
Cetaeea are the porpoises. 

In the whalebone whales, the teeth, present in the em- 
bryo, become reabsorbed into the gums before birth and 



the junk; '(^ til 



are replaced by plates of wlialebone, three hundred of which 
may be present on each side of the month. The inner 
edges of these plates have projecting fibres, forming a rude 
strainer; these whales feed on small pelagic jelly-fish, mol- 
lusks, and eriistacca, by taking in a mouthful of water, and 
then pressing the tongue against the roof of the mouth, 
expelling; the water through the openings between tb^ 
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pktes, the fibres acting as a straiuer. Three thonsand five 
hundred pounds of wlialebone have been obtained from a 
single bow-iicad or Greenland whale (Balmna mygticetut). 
The ciiclielot or sperm-whale [Fhyseter macrocepkalus, 
Fig. 303) bus an enormous head, and is wiibout the power 
of smeli. In Uie upper jaw are cavities filled with a fatty 
fluid called upermaceii, used in the manufacture of candles, 
ointDients, and cosmetics, such as cold cream. A large 
sperm-whals will yield 3500 kilograms of this substance. 
A tiother valnable substance is ambergris, a morbid prodnct, 
the resnlt of injury to the intestines by the beaks of cuttle- 
fishes, npon which animals the toothed whales largely prey. 
It is a kind of bezoar or gall-stone, fatty, aromatic, bura- 
iug with a clear fiame. It is contjxised of benzoic acid. 



Fro. SD4.— The Pigmy Whale (ITopfa FUnoeri). 

united with chlorine, of a balsamic substance, and ambrain. 
It is used in milking perfumes. 

But the chief use of whales is the oil extracted from the 
fat envclo|iing the body, called blubber by whalers. The 
most valuable of the whales is the Greenland whale, as it 
eontaius the most oil, individuals having been known to 
yield nearly three hundi'ed barrels. 

The whale fishery first sprang up in the twelfth century 
in the Bay of Biscay. In the New England colonies whales 
were pursued in boats from the shore. In 1854 the fishery 
culminated; since then it has decreased. It is principally 
carried on by Americans, New Bedford being now the lead- 
ing port from which whalers are sent out to the Arctic re- 
gions and Beiiring's Straits, one hundred and ten vessels 
having been sent out in 1876 from this port. 
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Closely allied to the sperai whales are the pigmy wfaiJee, 
represented on the Califoinian coast by Kogia Floweri 
{Fig. 304), which is nearly three metres (nine feet) in 
length, witli a conical head. 

Tlie narwhale (Monodon monoceros) is distinguished by 
thelong, api rally-twisted, hom-liketuak of the male, formed 
of the left upper incisor, which becomes nearly three metres 
long, the female having no visible teeth; there being two 
rudimentary incisors wliich never appear through the gum. 
It ranges from the coast of northern Labrador to tlie Arctic 
Seas. 

To the family of dolphins and porpoises belong the white 



FiO. 805,— South American Manaloo. From LOtkea's Zoology. 

whale, or Delphinapterus leucas, which ranges from the 
Gulf of St. Lawrence northward; the gram'puB {Grampus 
gHseus); the bluck-fish, of which there are two species, 
one Globic^halus melas, ranging north of New York, and 
the otlier, 6. brachypierus, extending to the aonthwai'd; 
and the porpoises, of which the most common on our coast 
is Phocwna irachycium, the rarer being Phoasna Uneata. 
Oil the coast of Labrador, as weti as northward, occurs the 
thrasher or killer {Orca gladiator), which has large teeth 
and a high dorsal fin; it attacks whales, gouging out the 
flesh from their sides. Certain extinct whales, judging by 
their fossil remains, were pygmies in size, while the Zeu- 
glodon of the eocene tertiary beds of Alabama was an enor- 
mous serpent-like whalo, which must have measured over 
70 feet in length. 
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Order 6. Sirenia. — Oeneral Charactert of fiireniani. — 
This small gronp is represented by the sea-cow or manatee 
of Florida. The lower jaw is unlike that of whales, being 



much as in the cow or horse, while the teeth are well devel- 
oped, both incisors and molars, the latter with flattened or 
ridged crowns, adapted for the tiituration of vegeta 
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food. The neck is alightly indicated; the two nostrils are 
situated at the upper part of the siioat, and the lips are 
beset with stiff brigtlee, while the mammEe are situated 
between the fore legs. The latter are of moderate length, 
with five well developed digits, but still fin-like and bent 
at the elbows. The brain is nai-row compared with that of 
Cetaceans, and the heart is deeply fissured between the 
ventricles. The rajinatees of America (Fig. 305) and the 
dugong of Australia and India (Fig. 306) live in the mouths 
of large rivers, feeding on sea-weeds and aquatic plants or 
the grass along the shore. The Floridan manatee {Mana- 
tus Americanus) grows to a length of from two to nearly 
three metres (6-14 feet). It ranges from Florida to the 
Amazons, where it is called Vacca marina; it ascends that 
river as far as Pebas, Pern, and is killed and eaten, its 
flesh resembling beef. Steller's manatee {Rltytina Slelleri) 
was in the last century fonnd in abundance on the shores 
of Behring's Island on the coast of Eamtcliatka. Twenty- 
seven years afterwards (in 1768) it was totally exterminated 
by the sailors who visited that locality, and only a few im- 
perfect skeletons now exist in the museums of St. Peters- 
burg and Stockholm. This is the largest Sirenian known: ' 
it was over six metres (about twenty feet) in length. It 
differed remarkably from the other forms in having no 
teeth, but was provided with a very large, horny, palatine 
plate, and a correspanding one covering the enlarged point 
of union (symphysis) of the lower jaws. In the Tertiary 
Period a fossil Sirenian (ffahfheriitm) inhabited the shores 
of western Europe. 

In the structure of the skull, the nature of their teeth, 
and tlieir herbivorous liabits the Sirenians in a degree con- . 
nect the Cetaceans with the Ungulates, 

Order 7. Proboscidia. — Only two representatives of this 
group are now in existence, the Asiatic and African ele- 
phant, a number of other forms having become extinct. 
The group is well circumscribed, when we consider the 
living species, but in the early (Eocene) Tertiary Period 
oogic 
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there existed forms which indicnte that the Proboscidians 
and Ungulates hud a common origin. In the elephants 
the upper incisor teeth arc enormously developed, forming 
the tusks so characteristic of these animals, while there are 
none in the lower jaw. There are no canine teeth, while 
the few molars are large and transversely ridged. In the 
elephants the ridges on the molar teeth are numerone, the 



Pio. WT.— Section of an elephant's skull, ahcmlne tte email stie of the br^n 
csTltjBs compared to the whole Rkull. and the numerous large air-uells. 
v, poeterlor noetrili'; IS, cavity of the nose; a, front opening of the bony noa< 
trllB, la tlie edge of which the trunk 1b attocbed. 

spaces between them being filled with cement. The young 
mastodon has cement on the upper surface of the tooth; 
the ridges afterwards become free and covered with enamel. 
A peculiarity in the elephant's skull is its large size, the 
brain cavity being very small in proportion to the bulk of 
the skull itself. To give lightness to what would be other- 
wise an insupportable weight, the cranial bones contaia 
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Dttmerons large air-cells (Fig. 307). Another- remarkable 
feature, from which the group takes its name, iB the tmnlc 
or proboscis, a long, thiclc, fleshy, flezibie snont, growing 
from tJie front edge of the nasjil bones (Fig. 307, a). The 
trunlc ends in a finger-lilte, highly sensitive point, below 
which iire situated the nostrils. The braiu has a large 
cerebrum, with numerons convolutions, but more of the 



Via. 306.— The haiiy Munmoth. From NordeiiBldOld. 

cerebellum is exposed than in any of the succeeding orders; 
in this respect and in the large incisors the Proboscidians 
approach the Rodentia. 

In the nature of the limbs, especially from the fact that 
elephants walk on their toes, a relation to the TJngalates is 
indicated. ITiey are five-toed, but tlie digits are repre- 
sented externally only by the five broad, shallow hoofs, the 

logic 
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foot being supported by thick, broad pads. The legs are 
almost wholly free from the body. Tlie pluceDtu is zonary 
and deciduate. The skin is naked in the existing ele- 
phants, but the extinct mammoth was covered sparsely 
with long hairs. Elephants tire in herds, browsing on the 
leaves of trees and herbs. They attain a height of from 
three to four metres (10-13 feet), bnt are rarely over nine 
feet in height. The Asiatic elepliant liua a concave fore- 
head and small ears, while the African Bpeciee has a full, 
rounded forehead and large ears, with four hoofs on the 
fore feet and three on tbe hind feet, the Asiatic elephant 
having one more hoof on each foot. The fossil mammoth 
{Elephas prtmigenius. Fig. 308), which was contempora- 
neons with early man, wns not much larger than the exist- 
ing species. Its tusks, however, were of great size, some 
being five metres long. It formerly ranged in herds over 
northern Europe and Asia, as well iis America, bones occnr- 
ring nnder swiimps in the Northern and Middle United 
States. A carcass frozen in the ice, with the hair still on, 
was discovered near the mouth of tbe Lena Biver in Siberia. 
A pygmy, extinct Maltese elephant of the late Tertiary 
Period was only 1,7 metres in height. 

The Mastodon was characterized by having incisors in 
both jaws of some of the species. It had molars with 
conical cusps, and was 3J— 4 metres (12-13 feet) in height. 
The mastodon (Mastodon giganteum Ouvier) was an earlier 
type than tbe elephant, and formerly inhabited the North 
American continent. 

Order 8. Hyracoidea. — With some afiBnities to the Ro- 
dentia, and a decided resemblance in some particulars to 
the rhinoceros among the Ungulates, the members of this 
small order are in general characterized by having long, 
curved incisors; and by feet provided with pads as in Bo- 
dents and CarnivoTa, the toes being encased in hoofs (four 
in front and three behind). The Hyrax, a little gregarious 
animal living in holes among rocks, of which there are two 
or thi-ee species known, one South African, and another in 
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the Holy Land and Arabia, thought to be the coney re- 
ferred to in the Bible, is the only genus. 

Orders. Toxodontia. — Of tliis gronp, of which no spe- 
cies are now living, tho types are Toxodon and Nesodon. 
They are placed by many autliors iimong the odd-toed 
Ungulates, not far from the tapira. Their incisors were 
j or ^. Toxodon in its skull bore some resemblance to tlie 
Sirenians, ami in the teeth were in certain respects like the 
Edentates. The species lived in South America during 
the early Tertiary Period. 

Order 10. Ungulnia. — The larger proportion of mammals 
belong to this interestiog order, which comprises nearly all 
those species of mammals useful to man, such as the os, 
camel, pig, deer, and horse. They are, iu general, charac- 
terized by walking, so to speak, on their toes, each toe 
lieing at the end cnciised in a horny hoof; not more than 
four toes being completely devolopotl on a foot. The teeth 
are naiially well developed, with six incisors in each jaw, 
but these are often, especiilly Jn the upper jaw, less in 
number or entirely absent, as in the sheep, deer, and ox. 
The collur-lione is absent. The brain still remains small 
compared with the bulk of the skull, and the intestinal 
canal is of unusual length compared with that of animals 
of the previous orders. 

The Ungnlatos have been divided by Owen into two sub- 
orders, according to the odd number of toes (Fem,«orf«r^;/?rt) 
or even number {Artiodactyla). In the odd-toed Ungu- 
lates (Perissodiiciyles) there may be three toes on each foot, 
as in the rhinoceros, or one, as in the horae; while in the 
even-tood Ungulates (Artiodiictyles) there maybe four toes 
{Hippopotamus), or two, nsiu the giraffe, or two functional 
and two rudimontal,aB in the ox and deer, i.e., most Rumi- 
nants. The more generalized existing form of Ungulates 
is the tapir; the most specialized type is the horse, With its 
single toe on each limb. A large number of extinct Ter- 
tiary Ungulates in the Western States and Territories, and 
the Tertiary basins of Paris and London, more or less allied 
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to tlie tapir, especially Coryphodon, Anoplotheritim, Palao- 
ikerium, ete., were generalized or ancestral forms, from 
which the modern, more specialized types have probably 
been evolfed, and a study of these fossil UngulateB shows 
that there was then {i.e., in Eocene times) an essential 
unity of organization in all Ungulates, including the 
Riiminnnta; the brenking up of the Ungnlate stem into 
8i>ecial groups, along favored lines orpatlia of deTelopment, 
having resulted in a gi'adnal improvement and elaboration 
of particular parts, which rendered them more fitted for 
their present life, and moi-e intelligent in meeting and 
overcoming the emergencies their more complex surround- 
ing subjected tbem to. Thus in the Eocene Ungulates, 
such as Coryphodon, the cerebrum was small, without convo- 
lutions, indicating a slight degree of intelligence compared 
with the modern Ungulates, wliile the gradual differentia- 
tion of the horse, with its single toe and hoof, from its tapir- 
like ancestors, is a marked example of the intelhgeut, 
beneficent selection of favored, useful types which has gone 
on from the earliest geological times. 

All this specialization of type involved the destruction of 
great numbers of forms unfitted to withstand changes in 
their surroundings, or not sufBciently intelligent or wary 
to avoid the attacks of carnivorona forms, and thus the 
present number of Ungulates is much exceeded by the 
fossil forms. 

Perissodactyles. The odd-toed Ungulates, on the whole, 
stand lower than the even-toed forms. They all have at 
least twenty-two dorsal and lumbar vei'tebi^se. and a simple 
stomach, with a large, sacculated ccecum. The tapirs are 
the more elementary, generalized forms. Fossil tapirs occur 
in the older Tertiary beds of the West. TJie snout is almost 
proboscis-like, and the legs are moderately long, with four 
toes in front, three toes behind. The tapirs inhabit the 
tropica of the New World and Sumatra. The American 
tapir ranges from east of the Andes from the Isthmus of 
Darien to the Straits of Magellan. It lives in deep forests 
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&nd is nocturnal and shy iti its habits, living on the shoots 
of trees, buds, wild fruits, etc. It liati a tough hide, and 
when attacked makes a good 6ght with its teeth. They 
are Eucceeded by tlie rhiiiucerox, i'C[)i'escnted in this coan- 
try by a number of extiuct Tertia,iy allies, the living spe- 
cies being restricted to Africa and the East Indies. The 
skiu is I'emurkably tiiick and dense, while these unimais 
have either one or two long median horns growing frooi 
the skin of the nose. Anderssen says that almost all the 
tbi'oe species of Asiatic rhinoceros have an exceedingly 
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coarse hide, covered with large folds, not unlike a coat of 
mail; whilst that of the African species {R. Africanus) is 
comparatively smooth. There are four varieties of the Afri- 
can species, two of them whitish and two dark. The anterior 
horn of one of these kinds (Rhinoceros Oswellii), which in- 
habits the interior of South Africa, not unfrequently ex- 
ceeds four feet in length. The body of the rhinoceros is 
long and thick; its belly is large, and bangs near the gronnd, 
the legs being short, round, and very strong, while its hoofs 
Are divided into three parts, each pointing forward. Th« 
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head is large, the ears long and erect, while tbe eyes ore 
small and sunken. "The horns, which are composed of a 
mass of fine longitudinal tiireads, ur Uminie, funning a 
beautifully hard and solid substance, are not affixed to the 
skull, but mei'elj attached to tlie skin, renting, hoivcTer, in 
some degree, on a bony protuberance above the iioBtrila." 
In size, says Anderesen, the white Afncaii rhinoceros Is oiil j 
exceeded by the elephant. A full-grown male {R. simva) 
measures, from the snout to the extremity of the tail 
(which ia about two feet long), between 14 and 16 feet, 
with a circumference of 10 or 12. It weighs not less than 
4000 to 50O0 pounds. " With its h nge body, misshapen head, 
ungainly legs and feet, and diminutive organs of vision, 
the rhinoceros is the very imnge of ugliness" (Anderssen's 
"Lake Nganii "), In strcngtli also the rhinoceros ia scarcely 
inferior to tbe elephant; and ungiiinly luid heavy as it 
looks, is very active and swift of foot, so tliat, us Gordon 
Gumming says, "a horse with a rider can rjiiely manage 
to overtiike it." Its food consists of vegetiibloa, shoots of 
trees, grasses, etc. It has but one young at a hirtli, which 
is about tbe size of adng, and witli the merest rudiments of 
horns. Audersson says that a common leaden li^ill will find 
its way through the hiiie with the greatest facility. A 
rhinoceros conlem|iorary uitli early European man formerly 
inhabited Englaud, Frauce, and Germany, and extended 
into Siberia. 

A number of fossil forms lead up to the family compris- 
ing the horse, ass, zebra, and quagga, etc., in wliich there 
is a single toe, being the third on each limb. Their den- 
tition is — 

J( 1-1 4-4 8-8 

The genealogy or series of ancestral extinct Ungulates 
leading from tapir-like forms to the modern horse has been 
worked out partly by Huxley, and especially by Marsh, who 
hfts with Leidy discovered a large series of remains iti the 
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Tertiary beds of central and wcBtern TJiiited States, Amer- 
ica being the original home of the liorse. The earliest 
member of the aeries directly leading np to the horse was 
Eohippus, an older eocene form, about as large as a fox, 
which had four well-developed toes and the rudiments of a 
fifth on each fore-foot, and three toes behind. In later 
eocene beds appeared an animal {OroMppus) ot similar 
size, but with only four toes iu front and three behind. In 
newer beds, i.e., lower miocene, are found the remains of 
Mesohippns, which was as large as a sheep and had three 
toes and the splint of another in each fore-foot, with but 
three toes behind. In hiter miocone beds another form 
{Anchitherium or Miohipjms) had the same number of 
toes, but with ihe "splint bone of the outer or fifth digit 
reduced to a short remnant." The sjilint bones, then, rep- 
resent two of the digits of several toed animals. The suc- 
ceeding forms were still more horse-like. "In the Plio- 
cene above, a Uiree-tood horse {ffippurion or Pro/oHjipus), 
about as large as a donkey, was abundant, and still liigher 
up a near ally of the modern horse, with only a single loe 
on each foot (PHohippus) makes his appearance. A true 
Equus, as large as the existing horse, appears just above 
this horizon, and the series is complete." (Marsh.) Fos- 
sil horses extended over portions of North and South 
America, but are supposed to have become extinct before 
the present Indians apjieiired, though tliere are indications 
that the horse was living on the plains of both North and 
South America at the time of the discoveiyof the country, 
and that the Indians used them. 

The horse {Equus caballus) is the most usefn! of all do- 
mestic animals, and next to ships a prime means of the 
diffusion of civilization. By artificial selection a great 
number of varieties, races, and strains have been produced, 
adapted for the performance of different kinds of work. 
The horse only exists in a domesticafcd state. Sanson 
states that the horse in the Orient has five, and in the west 
(Africa) six lumbar Tertebi-se; in Arabia both forms occurj 



in the horse with but five Inmbai- vertebrae the shape of the 
ekuU is also different. The Heniippus, the tarpau aiid 
niuzir of Tartary, as well us the white, shaggy horse of the 
elevated plains of Pamir in Centnil Asia, which is often 
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regarded as the ori^aal stock, may be a race which has 
returned to a wild state, since partly wild horses occur in 
Syria, on 'the Don, and live in great herds on the llanos 
and pampas of Soiitii America. There are two primitive 
races of horses, the Oriental and Westera. To the first 
belong three types: the Arabian, with the Berber, Anda- 
loaian, Neapolitan; and in England the blood horse; the 
Nizaischan type of the Deccau, India, to which belong the 
Persian, Turkestan, Turkish horses, and the Tartaiian. 
Tlie western races comprise the Frieseland, to which belong 
the Brabant, Holstein, Mecklenburg, and the English farm- 
horse, and among others the Percheron horse, of France- 
Ponies are dwarf horses produced in cool, mountainous 
areas, such as the Shetland Islands. The wild aas {Equus 
onager) ranges from the Indus to Mesopotamia. Eqmta 
hetniotius the Dschiggetai or Kiang, goes in herds in cen- 
tral Asia and Mongolia. Hecently, Frevalsky, a Bussian 
explorer, has discovered a new species of horse in the ele- 
vated portions of Central Asia, which has been named 
Equus PrevalsJcii. The binny and mule are infertile hy- 
brids of the horse and ass {Equus asinus). 

Ariiodactyles. — The even-toed Ungulates comprise the 
peccary, pig, hippopotamus, and the Buminants, which are 
represented by the deer, sheep, ox, and camel. The pig 
snd peccary are the descendants of a number of extinct 
earlier forms which flourished in the Tertiary Period; the 
:, as Marsh observes, having held its own 
I with characteristic pertinacity. The peccary 
{Dicotyles) is a small creature, closely resem- 
' bling a long-legged pig. It lives in swampy 
tracts from Texas to Central and South 
America. It goes in herds, and is a fearless 
Fio.Mi!^Ioowiiof animal. The Hippopotamus (Fig. 310) has 
?^ *the'"'e™"i a large head, with large canines, a clumsy 
crewMntB. body, and short legs. Hippopotamus am- 

phibius ranges from the Upper Nile to the Cape of Good 
Hope, and westward to Sonegambia. It is neu-ly 3^ metres 
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(11-12 feet) in length, the circamference Oi the body being 
nearly tlie same. It Is seldom over four and a half feet in 
height. The hippotamns has been likened to a "form 
intermediate between an overgrown hog and a high-fed 
bull without horns and with cropped ears." Its incisoi^ 
teeth attain at times two feet in length. The eyes, nos- 
trils, and ears are all placed nearly on the same plane, 
which allows the use of three senses and of respiration, a 
Tery email portion of the animal being expoeed when it 
rises to the surface of the water. The legs are very short, 
80 that in some cases the belly almost touches the ground. 



Pra. na,— Stomach of a 

yus; b, paunch; c. hoDejcomo or reiicuium; a, jid 
piles; c. true dtgeeCive slomacb :/. beginDlng (^ the 

The hoofs are divided into four toes, not connected by 
membranes. The skin is nearly an inch thick, and 38 naked, 
rbe color of the animal when on laud is of a purple brown, 
but when seen at the bottom of a pool it appears to be dark 
blue. It is thoroughly ampliiliious, swimming and diving 
like a duck, but is slow and unwieldy on land. The hip-' 
popotamus feeds on grass, yonng reeds, and bulbous succu- 
lent roots. It is gregarious, usually seen in troops of from 
five to six to as many as twenty or thirty. It 13 nocturnal 
in its habits, feeds by night, usually passing most ol the 
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day in the water. The teeth are valuable as ivory. (An- 
dersseti.) 

Suminantia. — The remaining Aitio'lactylea are called 
Rnmiaants, from the fact that they chew their cud. The 
molars are provided with two double crescent-ahaped folds 
(Fig. 311). The atomach (Fig. 313} is divided into at least 
three, usually iour compartments, t.e., the paunch, the 
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reticulum or honeycomb, so named fiom the polygonal 
cells on ita interior, the pnalterium or manyplies, and laatly 
the rennet or true stiim.ich. When a sheep, cow, or any 
other Ruminant feeds, it thrusts out its long tongue, seizes 
a bunch of graas, and bites it o£E by pressing the incisors 
of the lower jaw against the toothless gum of the opposing 
part of the upper jiiw; the mouthful of grass is then swal- 
lowed, mixed with much saliva. When its appetite ia 



Flo. S14.— The Elk or WapML 

satisfied it Beeks a retired spot away from its caraivorong 
enemies, if not a domesticated animal, and after lying down, 
suddenly regurgitates a ball of grass, the cud,* wMcli it 

* Tlie regurgitation of the cud is pmbabl; dn« to a sodden and 
rimullaueoua cootracdon of the diapbiagm and of the Etbdomlnal 
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ilowlf grinds ap between its molar teeth ioto a pulp. The 
cropped grass passes into the honeycomb and pannch; the 
maujplies serves as a strainer for the pulp, which in the 
fourth stomach is digested by the gastric juice. 

The deer family (Oervidte) ia represented in the United 
States by the common Virginia deer (Cariaats Virginianus, 
Fig. 313), the elk or wapiti {Oervus Canadensis, Fig. 314), 
the caribou {Rangifer caribou), which is probably a variety 
of the Europeuti reindeer (R. tarandus), and the moose 
{Alcas Americanus). The common deer ranges from the 
Atlantic to the Paoi&c and from Canada and British Go- 
Inmbia to Mexico; it is common about settlements and 
near towns. The antlers differ from those.of oilier deer 
by bending more abruptly. Its summer coat is bay-red to 
buff-yellow; the winter coat Is a varying leaden gray. The 
mnle deer {Cervus macrotis Say) is so called from its large 
iars. Ic inhabits the northern Rocky Mountain region 
and the Pacific coast. It is awkward and ungainly com- 
pared with the common ^ieer. The black-tailed deer 
(Oervua Oolumiianus) is smaller than the mnle deer, and 
is confined to the Pacific coast of the United Slates and 
British Columbia. 

The elk or wapati (Fig. 314) is next in size to the moose, 
the BoutheiTi elk attaining the largest size; it weighs from 
600 to 1000 pounds. It has been exterminated in the 
regions east of the Mississippi, and is now only common in 
the Rocky Mountain region, and to Oregon, Washington 
Territory, and British Columbia. The hairs of tlie sum- 
mer coat and of the early winter coat are short and pretty 
solid, bnt as the season advances it becomes longer and 
crinkled, while in winter a heavy ander-coat of fnr is 
always present.* The flesh is finely flavored and unusually 

muBCleB, which compresses Itie conlenta of the rumeo aoil reticulum, 
and drives tlie sodden fodder against the cardiac aperture ol Ihe 
stomach, which opens acd the cud is propelled into the mouth. 
(Hu*[ey.) 

itelooe and Deer of A.iuerica. Br J. D. Caton. _.,. 
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nntritions. The food of the elk rsries greatly: it eats 
grass and herbage as well as leaves and twigs of hard-wood 

trees. 

The reindeer, or woodland caribou, inhabits the north- 
ern regions of Americu, Euro[>e, and Asia. In the United 
States it still occurs in northern Maine, and is not nncom- 
mon in New Brunswick and Nova Scotia, abounding in 
Newfoundland utid Labrador. The female reindeer has 
antlers as well as the male. The old males shed their 
horns usually before Christmas, but the young males carry 
tliem later, the yearlings till spring, and the females later 
still, until their young are bom. The reindeer's foot is 
very broad and thin, and the accessoiy or hinder hoofs are 
of more use in supporting the body in deep snows or in 
marsliy places than the dew-claws of any other deer. The 
hair is unusually long and crinkled, iind underlaid by a 
dense coat of fur. Tiie skin is used by the inhabitants of 
Labi'ador as well as the Esquimaux for making water-tight 
hoots. The principal food of the reindeer is ficbens, par- 
ticularly the " ivindeer mosa," 

The bjirren ground caribou is much smaller than the 
other species; it inhabits the treeless arctic boi-der of the 
continent, and its habits are more arctic than any other 
ruminant of this continent except the mnsk-ox. It is 
more migi-atory than the woodland caribou, traversing in 
its migrations some ten degrees of latitude aonthward from 
the Arctic Ocean. 

The moose (Fig. 315) ia an awkward, ungainly crea- 
ture, and is the largest of the family, its weight being from 
700 to 1400 pounds. The antlers are large and spreading, 
broadly palmated, and wanting in the female, while the 
nose ia long and flexible, and the ears enormouB. It for- 
merly ranged from the Atlantic to the Pacific coast north 
of latitude 43° to latitude 70°, but now it is confined to 
northern Maine, to Montana and Alaska, aa well as to the 
forests of portions of British America. In summer the 
moose eats grass and moss, in the winter it browses on the 
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twige of trees and Bbrabe, and it is the only one of the 
family which will browse on coniferous trees. 

The prong-horn antelope {Antilocapra Americana, Fig. 
316; Bee also Frontispiece) so characteristic of the western 
plains, like the true deer, drops its horns in the autnmn. 
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though they are hollow when shed, and with a persistent 
core, as in the ox and goat. Tiie antelope crops grass, 
not, like the deer, bating leaves of trees and ghrubs. It is 
the fleetest animal on the plains, though short-winded and 
not capable of running a great distance. 

In its horns, hollow when Ciist ofE, and in the presence 
of a gall-bladder, which is absent in the deer family, the 
prong-horn antelope connects the deer family with the 
Bovidm, which are represented by the sheep, goat, antelope, 
gazelle, and ox. 
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The domestic aheep {Ovisaries) is not a Datura! species, 
but an association of races whose specific origin is obscure. 
Some authors regard the turf aheep of the Stone Age of 
Europe as the anoestor of the domestic sheep, since forma 
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like it are now living in the Shetland Islands and in Wales. 
It was of small size, with slender legs, and erect, short 
horns. This aheep was supplanted by a curved, large- 
horneil form, the modern domestic sheep. This lattec 

oogic 



form is poasib'iy the descendaut of the Asiatic argali {Ovis 
argali), which in North America is rejiresented by the Ovit 
Montana or Rockj Mountain big-horn sheep ^ig. 317), 
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still commoii in the less accessible siimmitB along the upper 
Missouri and Yellowstone rivers, as well as the momrtains 
of Wyoming and Montana. 



In the same, though higher and more inaccessible situa- 
tions, lives the rare mountain goat (Aploceros montanus), 
whose horns are jet-black and polished, slender and coui- 
caL It is fonud sparingly in the higher sammits of the r 
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lUcky Monntains and the Cascade Bange in Oregon and 

Washington Territory, and an individual has within a few 
years heen shot on Mount ShaBtii, California. 

Passing by the giizelles and true antelopes, we come to 
another characteristic American aiiimul, the musk-sheep 
{Ovibos moschatus, Fig. 318), now confined to the arctic 
regions of America, though in post-glacial times this, or a 
very closely allied species, existed as far south as Ohio, and 
in Euiope lived as far south as England, France, and 
Germany. 

We now come to the bison and ox. The American bison 
{Bison Ainericanns; see Frontispiece) formerly ranged from 
Virginia and Lake Champliiin to Fiorid:t, and westward 
from the nortlieni limit of trees to the Rocky Mountains 
and eastern Mexico. It is now in danger of eitermination, 
being mainly restricted to a few herds on the plains. It, la 
cloaelyallied to the European bison {Bison Europaus), the 
"auroch," now preserved in the forests of Bialowicza, and 
living wild in Caucasus, Sos primigenhis, which in the 
time of Casi'ar lived in Germany and England, hearing the 
name " urns," is the " ur" of the Niebelungen song. From 
it has descended the half-wild cuttle in certain English 
parks, also certain large domestic races, such as the Hol- 
stein and Friesland breeds. From another fossil species 
{Box longifrons) arose the so-called brown cattle of Switzer- 
land, and the "runts" of the Scottish Kighlitnds. Still 
other domestic races are traced back to another fossil 
quaternary species, Bos frontosus Nilsson. Onr present 
races of domestic cattle, however, do not represent a genu- 
ine species, but a number of races which have descended 
from several fossil species; the name Bos taurus (Fig. 319) 
is simply, then, a conventional name. The bison is known 
to breed with cattle in the Western States, though whether 
the hybrids thus produced are fertile or not is unknown. 

The ox is succeeded by the giraffe (Fig. 320), with its 
long neck, which makes it the tallest of all quadrupeds. 

The last family of Ungulates, the Camelida, comprises 
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the camels of the Old World, and the llama and vicnOa of 
Sonth America. In former (Tertiary) times a llama-like 
animal inhabited the Pacific coaat to Oregon, In the cam- 
els the upper lateral incisors are present; the stomach is 
less distinctly divided into four chambers, the third stom- 
ach, as sach', is wanting, though the second stomtich has 
deep cells, the so called " water- cells," 
which, according to Huxley, "serve 
to strain off from the contents of the 
paunch, and to retain in store, a con- 
siderable quantity of water;" thus the 
camel is popularly said to store up a 
supply of wHter in its stomach foi' its 
march over deserts. The toes have 
very large, thick pads, while the hoofs 
are reduced to nail-like proportions. 
In the camel the foot-pad is common 
to all the toes, but in the llama 
{AucJienia) of the eastern Andes, na, aao.— He«a of oireffe. 
eiich toe has a distinct pad, besides s"™* i-'"i'™-« z™'oer- 
the claw. The llama in a wild state keeps together in 
herds; from early times it has been also domesticated and 
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used as a beast of burden, and for their wool, chiefly in 
Pern and Chili- It is rather larger than a sheep, with the 
form of a camel. The Huanaco is probably the wild form 



of the domesticated llama [A. lama), while the Vionfia Ib 
perhaps the wild form of the alpaca {Auchenia pacos). 



Thns there are two wild species and two tame forms of 
these interesting, diminutive New- World camels. 
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OrAsT 11. Oarnivora (Ferm). — The bear, oat, tiger, and 
lion recall the leading forms of thia order. .The eknll 
(Fig. 331) is massife, though the head is small or of mod- 
erate aize; the teeth are all well developed, especially the 
canines; the molars usually have two or three roots, and 
the feet have large claws. The stomach is simple. Tiie 
cerebral hemispheres of the lower carnivores have uanally 
but three distinct convolutions, while the latter are mucli 
more numerous and complicated, the brain itself being 
broader in the aquatic forms {Finnipedia). The group 
is divided into two sub-orders, i.e., the Finnipedia or seals. 



na.3S).— BongbSa&l CHkOMhiqrida). Fmm NordamklOld. 

and the land species {Fissipedia). In the former group 
the feet are webbed, the toes being connected; the wrist 
and foot only projecting beyond the skin of the body, and 
there are no external ears, or only small oncs- 

The walrus (Fig. 333), the seals (Fig. 333), and the 
eared seals or sea-lions {Otariidm) are the types of the 
agnatic Carnivores; the sea-lions can walk on all fours, and 
in certain peculiarities of the skull they resemble the bears. 

Of the terrestrial normal Oarnivora, the raccoon, coati, 
CercoUptea, and bear, together with a number of extinct 
forms, are the more generalized or lower types. They are 

>og[c 
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plantigrade, and while standing at the base of the carnir* 
orouB series, have some features suggesting and anticipating 
those of the lemura and monkeys. Tlie raccoon, Procyon 
lotor (Linn.) abounds throughout the United States. It is 
strictly noctnrnai iu its habita, and feeds on mice, young 
birds, birds' eggs, turtles, frogs, fish, crayfish, and shell- 
fish, as well as insects, nuts, and com. It nests in hollows 
in trees, being a good climber. An old 'coon is a tough 
match for an average dog, says Merriam, and to their cun- 
ningnesa the saying "a sJy 'coon" owes its origin. The 
raccoon hibernates during the severest part of the winter. 
Allied to it is the coati {Nasua) of Central America, a 
creature about the size of and with the general habits of 
the raccoon, being an exceedingly knowing and mischievous 
animal. A number of extinct Eocene mammula are also 
allied to a small plantigrade, long-tailed carnivore, Cerco- 
leptea, which resembles the Primates in ita two cutting 
premolars and three true molars; while the rami of the 
mandible are coossified; for these reasons it was placed by 
F. Cuvier between the orders Carnivora and Primates 
(Cope), It is allied to the raccoon, is called the kincajon, 
and lives in northern South America. 

The bears have a thick, clumsy body, with a rudimen- 
tary tail, and the teeth are broad and tuberculated, so that 
they can live indifferently on fish, insects, or berries. Our 
North American species are the polar bear ( Ursus mariii- 
mws. Fig. 324) and Ursus arclos, with its varieties of 
brown, cinnamon, and grizzly bears; and the true black 
bear, Ursus Americanus. The black bear weighs from 
two to four hundred pounds, and is common iu the wooded 
or monntainons parts of the country, and is destmctive 
to sheep, lambs, and calves. They will rarely attack man, 
unless wounded or in defence of their young. When the 
weather la severe and the snow is deep they make a den in 
a hollow tree, cave, or under the root of a tree, and there 
hibernate. They have young but once in three years. 
Bears can be tamed and easily taught to perform vuiom 
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tricks, but in growing old become nnruly and often dan- 
gerous pets. 

The bears are succeeded by the Mustelidm, or the otter. 
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skunk, badger, wolverene, weasel, mink, ermine, etc., all 
of which are valuable for their furs. 

The otter {Lulra Canadensis) is thoroughly amphibious 
It can remain under water almost aa long as a loon, and 

Klglf 
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Merriam haa Known one to swim nearly a quarter of a mile 
without showing its bead above the surface. It lives on fish 
and cmjfish, as well as frogs, and is said to invade the hen- 
yard and even to prey upon yonng lambs. " It can dive and 
ewim nnder water with such speed and agility, that it can 
overtuke and secure, with great ease and certHinty, almost 
any of our fresh-water fishes." When in winter travel- 
ling on ice they advance by "a run and a slide," i.e., mak- 
ing several jumps and then eliding ahead flat on their bel- 
lies. The otter is also fond of "sliding down hill," both 
in winter on the snow, and in summer down the steep banks 
of stream. We have seen such "otter slides" in northern 
Maine, and Merriam reports them as common in the Adi- 
rondacks. The otter is one of our most valuable fur 
animals. Its skin becomes "prime in November, remains 
good throughout the winter, and is best in spring. Its nest 
is generally made nnder some shelving bank, or nproolcd 
tree. The young are bon» about the middle of April, and 
two (rarely one or throe) constitute a litter." (Merriam.) 

The skunk {MepMtis mepMHca), says Merriam, who 
thinks this malodorous creature has been too much abused, 
"is pre-eminently an insect-eater;" he destroys more bee- 
tles, grasshoppers, and the like than all our other mammato 
together, and in addition to these devours vast numbers 
of mice." Skunks hibeimifte only during the severest 
portion of the winter. They are veiy prolific, bringing 
forth six to ten young at a birth; these yonng, with their 
l)arent8, remaining in one hole for the ensuing year. 

The badger (Tazidea Americana) is stout and clumsy, 
the body very flat, with very large fore feet and claws; it 
digs with great rapidity, and lives so secreted a life that 
little is known of its habits. It lives in holes in the 
ground and keeps out of sight. It is now most abun- 
dant in the Upper Missouri, where its burrows are nu- 
merous. It preys on prairie-dogs and spermophiles. The 
badger, too slow, says Cones, to capture the nimble ro- 
d^ntB whiph form its principal food, perpetaally seeks 
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them in their own retrcata; and it is the work of a few 
miouteB for this vigorous miner to bo enlarge their burrows 
that it can enter and reach the deepest recesses. The 
badger, like the spermophiles, is mostly confined to the 
western plains. 

The wolverene, glutton, or carcajon ( Qulo luscus) inhab- 
its tlie forests of northern America and the colder parts of 
Russia and Siberia as well as the Arclic regions. It is 
heavy and chimsy, with aliort thick legs, shaggy and two or 
three feet long. Its strength, ferocity, thievishness, and 
cunning as well as gluttonons disposition are notorious; 
hence its mime " Iiidiaii devil." It is now very rare in the 
United States. It brings forth its four or five young late 
in June and early in July i:i bnrrows nnderground. 

The fisher or pekan (Musiela Pennantii) is a birge, pow- 
fnl animal intermediate between the wolvei'ene mid marten. 
Largo individuals are a foot high and three and a half feet 
long. It frequents deep forestsand wooded mountain-sides, 
}ind nests in hollow trees, and brings forth from two to four 
yonng abont the first of May (Merriam). Its name fisher 
is misleading, Jts it lives away from water and seldom eats 
fish. 

The marten or American sable {Mustela Americana) which 
is one of the most valuable of our fur animals is about the 
size of a large house cat, though the legs are shorter; it is 
about a foot and a half in length. It preys on partridges, 
rabbits, squirrels, mice, shrews, as well as birds' eggs and 
young birds. It abounds most in pine forests, and hence 
is often called the pine marten. It nests in hollow trees, 
rarely in the ground, and it has from two to eight young 
in April. 

The weasels are much smaller than the sable, the body 
being slender and the fur turns white in winter. The 
least weasel (Futorius vulgaris) is said to have two or 
three litters in a year, having four or five young at a time. 
It bunts mice, moles, shrews, entering their bnrrows, and 
also deifours email birds and eggs. The ermine or stoat 
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(Pvtorius erminea) is a litEle lai^r than the .leaat weaeel, 
being 8-10 inches long; it is very fiei'co, and attacks larger 
auimalB; itcaobe utilized ns a ferret. The ermioe, like the 
northern bare, arctic fox, Hudson's Bay lemming, and other 
animals, turns white iu winter. Tliisis usually attributed to 
cold weather, but Dr. Merrium thinks the change of color,- 
which occurs sudiienly, is due tosuow. If it were due to tem- 
perature why should not all animals which are actire in win- 
ter change color; and if to snow, why should not the mink 
change color as well as thu ermine P Still it may in those 
animals which do change, have in the beginning turned 
wiiite as the result of the glare of the snow on the eye 
and nervous system, the habit becoming inherited. Fishes 
and other animals change their color to white as the result 
of a change iu the color of their surroundings. The 
ciiange in such cases is due to the influence of light or 
darkness on the pigment or coloring matter of the skin or - 
feathers or hair. A sudden fall of snow early in winter 
may cause an ermine to turn white within forly-eight 
hours, while f'lr some unknown reason other animals, such 
as the mink, which are active through the winter, do not 
change; in early spring the change of color to the brown 
summer coat may also, as Dr. Mcrriam thinks, he due to 
the disapi>earance of the snow. It appears also that in 
Virginia and South Carolina, where there is cither none or 
little snow, though the cold may at times be severe, that 
the ermine remains brown through the whole year. 

The mink {FuioHus visoii), larger than the weasel, being 
15-18 inches in length, is amphibious, swimming and diving 
after fish, while like the ermine it raids the poultry-yard. It 
emits a fetid and nauseating fluid from two glands situated 
at the base of the tall. It litters early in May in nesta 
placed in burrows or hollow logs, and well lined with 
feathers, and sometimes, says Merriam, with the fur of 
the female. It does not turn white in winter. 

The dog family {Canidm) is represented by the fox, wolf, 
and dog.. The gray foi [Urocyon Virginianusf, the coiQ- 
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mon red fox ( Vulpes vulgaris), with its varieties, the oroes, 
silver, and blacli fax, as well as the wolf (Cunt's lupus), are 
valuable for their furs. The common red fox is more com- 
mon even in thickly settled portions of the Eastern States 
than is commonly supposed. Merriam thinks that it is as 
abundant now as a hundred years ago. "Wily, crafty, and 
sagacious to a degree almost beyond credibility, he defies 
the superior skill and intelligence of man, and meets with 
shrewd mancBuvre and snbtle stratagem all attempts at hia 
extermination." He is active by day as well as night, and 
"preys upon skunks, woodchucks, musk-rats, hares, rab- 
bits, sqnirrels, mice, and small birds and eggs. He is a 
well-known and much-dreaded depredator of the ponltry- 
yard, destroying with equal aliicrity turkeys, ducks, geese, 
hens, chickens, and doves; and has been known to make oft 
with young Limbs. He will also eat carrion, and even fisli, 
and is said to be fond of ripe grapes and strawberries." 
Merriam, from whom we have quoted, tells us that the fox 
makes its nest in caverns and ledges of rocks, in burrows 
in the earth, and occasionally in old stumps and hollow 
logs. From four to nine young are brought forth at a 
time, the usual period being witli iis (Nnrthera New York) 
the latter part of March or first of April. 

The wolf is one of the most cowardly and yet wary, crafty, 
and sagacious of our wild bensts, and, when game is abun- 
dant, wantonly destructive and wasteful. It makes its lair 
in rocky caverns, under the roots of fallen trees, and in 
hollow logs. The young are born in April and May, from 
six to ten pups constituiing a litter. (Merriam.) The wolf 
is mostly gray northward, becoming " southward more and 
more blackish and reddish, till in Florida black wolves pre- 
dominate and in Texas red ones." The prairie wolf or 
Coyot6 {Cams latrnna) is characteristic of the Westeru 
plains and Pacific coast. The Indian dogs breed with the 
coyot6, and the offspring is fertile. This fact appears to 
support the theory that the domestic dog (with its conven- 
tional name Gams familiar is Linn.) is a descendant of the 
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wolf. On the other hand, fourteen kinds of dogs can be 
distinguished in the Eoman and Greek records; of these 
0Te a,v% principal types or species, five otliera climatic vari- 
eties, the remainder being either breeds artificially pro- 
duced or hybrids. As regards the Egyptian dogs, seven 
kinds may be distingiiiahed, three of them, besides the 
jackal, being distinct species. Wolves, jackals, foxes, etc., 
are species quite distinct from the domestic dog; they may 
have interbred with the latter, and have thus influenced cer- 
tain breeds; but they are not the parents of the domestic dog. 
There are seven species among our dogs: O. domeslicus, 
extrariua or spaniel and Kewfouadland dogs, vertagua or 
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badger dog, sagax or hound, molossus or bulldog, lepor 
or greyhound, and the naked dog, C caribmus. Among 
half-wild dogs is the dingo or hunting-dog of Australia, 
which goes in packs. 

The Viverra and Oenetla, or civet cats, and the hysenas, 
lead to the cat family, which stands at the head of the Car- 
nivora. The jagnar (Fig. 33^), panther, leopard, tiger, and 
lion belong to tlie genus Felis. The FeKs concolor, cougar, 
panther, or puma, ranges over both continents; it is 1-1.3 
metres in length. The panther destroys large numbers of 
porcupines, but feeds chiefly on young deer. Dr. Merriam 
tellsnsthat it springs upon the deer from the ground; "on 
level ground a single spring of twenty feet ia by no mooQS 
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ttncommOD," and it has been known to leap forty and even 
sixty feet from a rock twenty feet higher than the ground. 
The panther generally takes refuge in trees when pursued by 
dogs, "but under no other circumstances do any but the 
young sporting kittens ever climb trees." A very large 
panther may weigh about 200 pounds, and stand about 2i 
feet high at the shoulders. It is very gaunt, but not so 
thin as it looks. It is not so fierce as supposed, not attack- 
ing man unless wounded and cornered. The domestic cat, 
Felis domestica, was first domesticated in Egypt, the Greeks 
and Romans not possessing it; the cat and common marten 
were in nse as domesticated animals side by side; and at 
the same time in Italy, nine hundred years before the era- 
sades. It appears that the domestic cat of the ancients 
was Mustela foina. 

Of tlie lynxes there are two species in North America, 
Lynx rufus, the American wildcat, and the Canada lynx. 
Lynx Canadensis or loup cervier, the latter being much the 
larger species. The Canada lynx proya upon the northern 
hai'e and other small mammals, as well as the ruffed grouse 
and spruce partridge, and has been known to devour pigs, 
lambs, and young fawns, bnt does not attack, says Merriam,* 
full-grown deer. The female commonly has two young at 
a birth, her lair being usually sithated in a cavern or hoi- 
low tree. 

Tlie wild cat " frequents rocky hills and ledges, and does 
not show that antipathy to civilization so marked in its 
congener, the lynx." It carries oft lambs, little pigs, and 
ponltry. Away from the farm-yard it feeds upon rabbits, 
squirrels, mice, grouse, and smaller birds. "It generally 
makes its neat in a hollow tree or log, and lines it well with 
moss. From two to four your? constitute a litter, the most 
frequent number being three." (Meiriam.) 

Order 13. Primates. — The last and highest order of 
mammals contains a series beginning with creatures resem- 



* The Vertebrates of tlie Adiruodack Region. 1883. 



>og[c 



302 ZOOLOQT. 

bling BqnirrelB and bats, t.e., the lemnrB, snd comprising 
mookeys, apes, and ending with man. In all the Primates, 
the lege are exserted almost or quite free from the trank, 
with tlie great toe of the hind foot asuallj enlarged and 
opposable to the others; nails, except in the marmosets, 
replace claws. 

The hemispheres of the brain may in the lower forms be 
qnite smooth, bat in all there is a well-developed "calca- 
rine furrow,." giving rise to a, " hippocampus minor" within 
the posterior cornu of the ventricle, bjwliich the posterior 
lobe of the cerebrum is tmveracd (Flower). The collar- 
bones (clavicles) are for the first time in the series well de- 
veloped. The placenta is also different in shape from that 
of other mammals, being roand, disk, or cake-like. 

The Primates are divided into two sub-orders, i.e., the 
ProsimitB and AnlAropotdea. The former gi'onp embi-aces 
the lemurs, which vary in size from that of a rabbit to a 
large monkey. They are covered, the face as well as the 
rest of the body, with a dense fur; walk on all-fours, nau- 
ally have long tails, though the lori is tailless, while the 
fore limbs are shorter than the hind limbs. The skull is 
small, flattened and narrow in front; the brain-cavity small 
in proportion to the rest of the skull, i.e., the face com- 
pared with the monkeys. The cerebral hemispheres are 
small and flattened, the frontal lobea narrow and pointed, 
and behind they only slightly cover the cerebellum. 

By some authors the lemurs are separated from the Pri- 
mates, the Insectivora and Cheiroptera being placed between 
the Prosimia and the other Primates. They have charac- 
ters in which they resemble Insectivora, Rodentia, and 
Carnivora, but the weight of organization, or the sam of 
their characters, ally them nearest to the monkeys. They 
are therefore essentially a generalized or ancestral type. 
Recent discoveries have led to the hypothesis, that from 
still older, more generalized types four lines of develop- 
ment, respectively culminating in the typical Carnivores, 
Cetaceans, lemurs, and monkevs. have taken their origin. 
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That the lemara, though now restrict«d to Madagaacar, 
eastern AgIh, and South Africa, were preceded by still more 
generalized typea on the American continent, is indicated 
by the discoTery of fossil bones in the Eocene beds of the 
Rocky Mountains, referred by Marsh and Cope to the Pri- 
mates; Marsh stating that the principal parts of the skcle- 



Tia. au.— OiLlago. From Lutken'a Zoology. 

ton are "much as in some of the lemnrs." The genns 
Anapiomorphus of the Western Tertiary beds ia a small 
lemur-like form, said by Cope to be the moat like the apes 
of any yet discovered. 

Allied to the true lemurs is a very puzzling creature, the 
aye-aye or Chiromys, of Madagascar, whose dentition dif- 
fers from that of all other Primates, and resembles that of 
the Rodents; the thumb also is not truly opposable, and 
all the hind digits, except the great toes, have claw-likfi 
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nails. The Oalago, of West Africa (Fig. 326), somewhat 
recalls the Insectivora, while "in the more active and 
flexible-bodied Lemurida, tlie trnnk-Tertebne i-esemble in 
proportions, coanections, and direction of nenral spines 
those of the agile Carnivora." (Owen.) 

The genuine Primates or sub-order Anfhropoidea are, in 
brief, characterized by the large, convoluted cerebral hemi- 
spheres which nearly, or in the higher apes and man, con- 
ceal the cerebrum wlien seen from above. The ears are 
rounded, with a distinct lobnle, and the two mammfe are 
pectoral. Ihese Anthropoidea are divided into, two sal^- 
divisions, the first comprising the monkeys and apes, and 
the second, man. In the 0rat group (Simim), the body is 
prone, the animal walking on all-fonrR, only the oning and 
gorilla walking partly erect; the great toe is rather short, 
thumb-like, and opposable to the fingers, while the body is 
very hairy. The monkeys of the New World have a wide 
septnm to the nose, and are hence called PlatyrMntB; they 
also have long tails. 

The little, squiiTel-like, gregarious marmosets are the 
smallest of the monkeys and nearest allied to the lemurs. 
They walk on all-fours, tlie anterior extremities being 
like the hind feet, and resting on the same plane, serving 
as a paw; the teeth are sharply tubercled, and the nails, 
except those of the great toe, are claw-like. The cerebral 
hemispheres are nearly smooth, though relatively large. 
Jatxhus and Midas are the typical genera, inhabiting 
South America. While the marmosets {Midida) have but 
thirty-two teeth, in the true platyrrhine monkeys there are 
thirty-six teeth; there being an additional molar on each 
side of each jW, and the thumb is slightly opposable to the 
fingers (though a true thumb is wanting in the spider 
monkeys). The New World monkeys also have long, pre- 
hensile tails, so useful in climbing as to be sometimes called 
a fifth hand, as seen in the spider monkeys {Ateles, Fig. 
337), in which the tail underneath is naked and very sensi- 
tive. The sknll varies greatly in the different genera, aa 
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does the brain, which in Chryxothrix, etc., is nearly 
Btnooth, while in Cebus (Figs. 33S, 339) the hemispheres 
ure nearly as much convoluted as in the catarrhine apes. 
(Huxley.) 
The monkeys of the Old World tntergrade with the apes, 



Via. S3T.— Head of AtOei marginatui. Fiu. 328. -Head of Cibta capueti 
From Darwin. From Panrln. 



Flo. SSO. — Head of SenmopWiteu» 
comuivt. From Darwin. 

and are thus more specialized or highly deTeloped than 
those of the New World. The septum of the nose is nar- 
row, hence they are said to be catarrhine or thin-nosed, 
while the tail is short and not prehensile. 
The catai'rhine monkeys {Cercopit/iecidee) walk on all- 



Fid. S8].— Skeleton of Slomans Ape, a gibbon. 

fonrs, the body being horizontal or prone; they have thirty- 
two teeth, as in mnn, though the canines are large and 
sharp; the thumb is well-developed, and they are truly 
qnadrumanous; the skull has a oomparatiTelj large facial 
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angle, and the hemispheres of the brain are well furrowed. 
They hsive highly-colored, naked callosities over the 
ischiatic bonea, and cbeek-ponchea for ihe temporai-y re- 
ception of the food. Of the baboons, with their dog-like 
maszles and short tails, the mandrills are the most notice- 



Fia. 8S3.— Orang-outang; or Ulaa. From LQtken'a Zoology. 

able, with their white beard, scarlet lips, and blue cheeks; 
they are less arboreal than the macaques of Asia, running 
about over rocks on all-fours. The common monkeys of 
menageries are the macaques {Macacus) of India. All the 
foregoing catarrhine monkeys have a simple atomacb, as in 
man, but in the sacred monkey of India {Semnopilhemts, 
Fig. 330), and the African thumblesa Colobus, the stomach 
is more complex. 
The apes live in trees, only occasionally walking on the 
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ground; their posture is semi-erect; they are tailless, the 
fore legs ore much longer thiin the hind legs, and used as 
arms, the radius .being capable of conriplete pronation and 
supination. In the form of tbeir skull, o{ their bima 



Tia. 333.— The ChimpBDzee. lariet; Tshego. From Brelun'e Thlerleben. 

with its convolutions, and in the teeth, there is a still 
nearer approach to man. 

There are three typical forms or genera of apea, t.e., the 
gibbon {Hylobates, Pig. 331); the oia-ug {Mimetes pithecus, 
pig. 332), the chimpanzee {M. niger, Fig. 333), and the 
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gorilla. The gibbons are nearest to the monkeys; they are 
little less tliau a metre (3 feet) in lielglit, and are very 
slender, with veiy long arms, so that they are rapid, agile 
clintbers, also running over the ground with ease and 
rapidity; when standing erect the fingers touch the ground; 
only the thumhs and great toes have true nails, in all the 
higher apes tlie nails of all the digits being flattened; tbe 
spinal column is nearly straight; they have fourteen pairs 
of ribs and eigliteen dorso-lumbar vertehi-ae, there being in 
the other apes usuiilly seventeen, as in man. The siamaug 
lives in the forests of Sumatra; others inhabit Java, Borneo, 
Cambogia, etc. 

The orang-outang inhabits the low swampy forests of 
Sumatra and Borneo, being confined to those two islands; 
it is 1.38 metres* (4^-5 feet) higli; it has twelve pairs of 
ribs, the same number as in man; the arms ai'e very long, 
stretcliing 7 feet 9 inches, and reaching the ground, so that 
in walking they rest on their knuckles, swinging the body 
through tlieir long arms as if walking on cratches; their 
posture is only partially erect. Tbe forehead is less strongly 
marked than in the other apes, showing better the ahai* 
of the skull. The volume of the brain, both of the orang 
and chimpanzee, is about twenty-sii oi- twenty-seven cubic 
inches. Tbe following table will show, according to 
Wyman, the relative capacity of the skull in the different 
apes as compared with man: 

The average capacity of the Caucasian skullls 91-92 cubic in. 
" " " 7 African " 85 " 

" " " Australian " 75-79 " 

" " " Gorilla " 89 to near 



35 cubic in. 



Chimpanzee 
Orang 



• Wallace says that tbe orang o( Borneo never eiceeda 4 feet 
2 InctuB in height. Its native name is Miat. <" Tbe Uulay ArclU- 
pelftfo."} 
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According to Wyman, the range of variation ia difterent 
races of men, as seen in seventeen gkulle, is from 93 to 75 
cabio inches; in the gorilla from 31 to 35 cubic inches, 
ninesknlls having been measured. 

Thera is bnt a single species of orang, which is restricted 
to Sumatra and Borneo. It is said to be very intelligent, 
to possess a voice so loud as to be beard one or two miles, 
and to build a nest to sleep in. It makes a fresh neat of 
leaves and branches nearly every night in tlie boughs of 
trees from twenty to fifty feet from the ground; with its 
long and powerful arms it easily climbs the tallest trees, 
feeding on fruits, buds, young shoots, and leaves. It 
does not leave its bed till the sun is well up and has dried up 
the dew on the leaves, and it feeds all through the middle 
of the day. No animal dares to attack it but the crocodile 
und boa; these, however, it usually vanquishes, (Wallace.) 

The chimpanzee and gorilla are only found on the west 
coast of Africa. The chimjianzee (Mivieies niger, with its 
variety Tschego, Fig. 332) inhabits the coast from Sierra 
Leone to Congo. It is iibont li^ metres (five feet) in height 
It can stand or run erect, but it usually leans forward, 
resting on its knuckles; the arms spaa about half as much 
again as the creature's height. Both the chimpanzee and 
gorilla have fourteen pairs of ribs. The chimpanzee lives 
on fruit, is an active climber, and nests in trees, changing 
its rude quarters according to circumstances. Rev. Dr. 
Savage states that " they generally build not far above the 
ground. Branches or twigs are bent, ur partly broken, and 
crossed, and the whole supported by the body of a limb or 
a crotch. Sometimes a nest will be found near the end of 
a strong leafy branch twenty or thirty feet from the 
ground." 

The gorilla, like the chimpanzee, goes in bands, bnt the 
company is smaller, and led by a single adult male. They 
make similar nests, which, however, in the case of both 
apes, afford no shelter, and aie only occupied at night. 
The gorilla sometimes reaches the height of about IJ metres 
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(S^ feet) and weighs about SOO potitids. Its ordinary atti- 
tnde is like that of the chimpanzee; there is a web between 
the first joints of all the fingers and three of the toee, and 
both hands and feet are broader, while the body jb much 
more robnet than in the other apes, being very broad across 
the shonlders. The span of the arms is to the height as 
three to two, or a little over eiglit feet. The skull is thick, 
and the strength and ferocity of the creature is evinced by 
the thick supra-orbital ridges and the high sagittal and 
Ismbdoidal crests on the top of the skull; the face is wide 
and long, the nose broad and fiat, the lips and chin promi- 
nent. The gorilla walks like the chimpanzee, thongh it 
stoops less. It is very ferocious, bold, ncTer runniDg when 
approached or attacked by man. It lives on a range of 
mountains in the interior of Gninea, its habitat, so far as 
known, extending from a little north of the Gaboon River 
to the Congo, 

Tbas, to recapitulate, while the gibbonB are most remote 
from man, the orangs approach him nearest in the number 
of the ribs, the form of the cerebral hemispheres, and other 
less obyioP-S characters; the chimpanzee is nearest related 
to him in the form of the sknll, the dentition, and the- pro- 
portions of the arms, while the gorilla resembles him more 
in the proportions of the log to the body, of the foot to the 
hand, in the size of the heel, the curvature of the spine, the 
form of the pelvis, and the absolnte capacity of the skull 
(Hnxley). Anatomists have and do differ as to whether 
the chimpanzee or the gorilla is nearest to man. 

Whether man {Soma sapiens Linn,), when considered 
simply as an animal, is the representative of a distinct sub- 
class, order, sub-order, or family, is and may never be set- 
tled; thongh the tendency among zoologists is to leave 
him among the Primates, where he was placed by Linnseus. 
When we consider the slight absolute anatomical differences 
separating man fri>m the apes, and take into account the 
great Tariations in form between the different genera of 
Kpcf, and still more in the monkeys, it seems best, throw- 
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ing ont^ as we lisTe to do in a parely zoological classificik 
tioD, the intelleotaal and moral faculties of man, to adopt 
the view that man is the representative of a group of 
Primatea.* The absolute differences of man from the apes 
consist in the greater number and irregnlarity of the con- 
Tolations of the cerebral hemispheres, which are also much 
larger compared with the cerebellnm, and completely cover 
the latter; the entire brain being at least doable tlio size 
proportionately of that of the gorilla; f it is also stated 
that two mnsoles exist in man which liave not yet been 
fonnd in any ape, the extensor primi inlernodii pollicis unA 
tiie perontsus iertius, belonging to the thumb and foot re- 
spectively (Husley).t There are also points in the origin 
of certain muscles which are peculiar to man, but Hnzley 
adds that all the apparently dietinctive peculiarities of the 
mnscles of the apes are to be met with, occasionally, as 
varieties in man. On the other hand, the relative differ- 
ences ot the sknils of the gorilla and man are, as Hmley 
states, " immense." In man the cranial box overhangs the 



* Geoffroy Bt. Hilnlre placed mnn in a kingdom bj himself i Owen 
aeaigned him to a sub-cltus; hy others be i» generally retarded u a 
representative of an order Bimana, as opposed to llie order Quadra- 
mana, or monkeys and apes; while from recent comparative studies 
man is considered as belonging either to a separate sub-order or a 

f " It must aol be overlooked, however, that tliere is a veij strik- 
ing differeQce in absolute mass and weight betAceo tlieloweat humaa 
brain and that of the highest ape — a difference which is all tbe more 
remarkable when we recollect that a full grown gorilla is probably 
pretty nearly twice as henry as a Bosjesmao, or as many an European 
woman. It may be doubted -whether a healthy human brain ever 
weighed less than thirty ore or two ounces, or that tbe lieaviest 
gorilla brain has exceeded twenty ounces." In another place Huxlej 
states that " an average European child of four years o!d baa a brt^a 
twice as large as that of an adult gorilla." — .Van'* Plaee in Nature, 

i Dr. Chapman has found in the arm of n gorilla n distinct exUnior 
primi internodii poUieii muscle, but no trace of the ^escor l^ngui potU- 
eig.— American Naturalist, June, 1879, p. 8S5. 
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orbits; in the gorilla the forehead is hollowed ont. The 
hinder portion of the brain is also much more developed in 
man than in the apes, and in the binder part of the hemi- 
spheres the convolutiona are more nnmeioiis than in the 
chimpanzee, this part in monkeys losing its convolatioiiB 
altogether (Wymau). Muq stands erect; his arms span a 
distance eqnal to his height; the spinal column has four 
curves; the skiu of the hands and feet of man is highly 
sensitive, compared with that of the apea. Finally, as 
Cuvier stated, the grand distinctive zoological character' 
separating man from the other animals is the possession of 
the power of speech. 



Fia. SU.— Skull of > Negro, abowli^ Its prognathlam. 

Sometimes in man the coccyx has one or two more joints 
than the normal number, but the apea have no tail. The 
black and Australian races are slightly nearer the apes than 
civilized peoples. In apes, as in the lower mammals, the 
pelvis ia higher than wide; when there is a degradation in 
the human pelvis it tends to become higher than wide, as 
seen in the pelvis of the Hottentots. In civilized man the 
legs are one half the height of the body, but in the South 
Africans, Hottentots, and Bushmen the legs are a little less 
than half the height, and the thigh-bone is Battened from 
side to side, as in the gorilla. The waiat ia broader in the 
African than in the European; the os calcis is not longer 
in negroes than in the white man, tlie larger heel of the 
former being simply due to an expansion of the soft parts. 

The form of the ekull varies greatly in the different races, 
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•nd eTeBinmdividDalgof the same race of mankind. Tliu 
ia seen in the difEerence of the faddl angle. Thie is ob- 
tained by drawing a line from the occipital condyle along 
the floor of the nostrils, and iiiteraecting it by a second, 
teaching the most prominent parts of the forehead and 
upper jaw; the angle they make ia an index of the cranial 
capacity, and of the degroe of intelligence of the individual 
The facial angle in the reptiles is very slight, as it is in the 
birds; in the dog it is 30°, in the gorilla 40°, in the Austra- 
lian 85°, in the civilized Caucasian it avertigcs 95°, while 
the Greek sculptors adopted an ideal angle of 100° (Owen*). 
When the lower part of the face protrudes, as iu the negro, 
the face ia said to be prognatJious (Fig. 334); where the 
facial angle is high, and the face straight, as in the more 
intellectual forms, the cranium is said to be orthognathous. 
Those skulls which are high and narrow, i.e., with the 
longer diameter to the shorter, as 100 to 65, are aaid to be 
dolichocephalic, while those with the diametera as 100 to 85 
are called brachycephalic, bat these distinctions have been 
found to be quite arbitrary. 

The classification of the human races is in as an nnsatia- 
factory state as that of the domestic animals. Naturalists 
are now agreed that there is but one species of man, Blu- 
menbach, from the shape of the skull and the color of thfl 
skin, divided mankind into thi'ee varieties, the white or 
Caucasian, the brown or Mongolian, and the black or Ethi- 
opian, considering the American variety as connecting the 
Caucasian and Mongolian, and the Malayan as intermedi- 
ate between the Caucasian and Ethiopian. Hamilton 
Smith divided man into three Tarieties, Cancasian, Mon- 
golian, and Tropical; Latham, also, into three, Japetidse, 



• Pagenstecher states that the facial angle in the Caucasian Euro- 
pean is 80°-86°, and even over 90°; in the Mongolians 76°-80°; in 
negroes 70°'76° ; in the tribe of Makoiaa in South Africa 84° ; in tbe 
tribe of Tikki-Tibki. or Akka negroes, Uie dwarfs deacribad b^ 
Schweinfurth, only 60°.— Allgemeiiic Zoologie, L, p. 200. 
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MoDgolidfe, and Atlantidae; and Pickering into white, 
brown, and black varieties, with intermediate races. Hax- 
ley divides the different races into two primary groups, the 
Ulotrichi, with crisp or wooUj hair, and the Leiotrichi, 
with smooth hair. 

The average height of Englishmen is 5.8-5.10 feet; in 
the universities more. In America, the average height of 
medical and military men is 6.dj feet. The Patagonian 
men are nearly six feet high on an average; the women 
5.10 feet; the Bushmen and Esquimaux 4.7, the latter 
being the smallest people on the earth. The smallest 
dwarfs in Europe were 33 and 28 inches in height respec- 
tively; while Futrick Cotter, the Irish giant, was 8 feet 
7 inches talL 
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Ab-do'hek. Id mammala the part 
of the truiik below or behind 
the thorax; in insecls the third 
rei^on of the body, or hind 
body. 

As bk'raht. Depsrtiug from the 
regular or uatma] type. 

Ab-o'bai.. Opposite the oral or 
mouth regie ti. 

A-bban'cbi-ate (Qr. a, without; 
bragchia, gills), Wiiliout brao- 
cliite or gills. 

A cu'mi-natb. Ending io a pro- 
longed point. 

Al-tb'o-lus. a cavity forming 
tile socket in tlie jaws of verie- 
brales for the teeih. 

Am-bu-la'cbom (Lat. from nmbv- 
iare, to walk, a garden-walk). 
The perforated apace or area 
ID the shell of the sea-urcliio or 
the arm of a starfish, through 
which the foot-tubes or ambu- 
lacral feet are protruded; 

A-ME-TABO-UO (Gr. a, without ; 
metaliok, change). Refeniug 
to insects and other aDimala 
which do DOt undergo & meta- 
morphosis. 

A-kob'fhoub (Qr. a, without; 
tnorpS^, form). Without a defi- 
nite figure : shapeless ; espe- 
cially applicable to sponges. 



Ah-fhi-c(e'loub (Gr. am^hi; ■ 
koitot, hollow). Applied to 
vertebrte which are doubly 
concave, or hollow at both 

A-NAi-'o-GT (Qr. analogia, propor- 
tion). The relation between 
organs which differ in struc- 
ture, but have a similar func- 
tion; as the wings of insects 
and birds. 

A-nas-TO-uo'siHG. Inosculating 
or running into each other like 

An-cht-L0'si8. The growing to- 
gether of two bones BO as to 
prevent motion between them. 

Ah'nxt-latb. When a leg or an- 
tenna is surrounded by narrow 
rings of a different color. 

A'pla-coh-tai.. Referring to 
those mammals in which the 
embryos are destitute of a pla- 

A'po DOOT, Footless. 

Ap'te-bods (Gr, n, without;p(9r- 
cn, wing). Destitute of wings. 

A-qui'FE ROUS (Lat. aqua, water; 
fero, I carry). Applied to the 
water-carrying or water- vascu- 
lar system of the sponges, etc. 

A-rach'ni-DA (Qr. arachru, a spi- 
der). The class of Ariliropods, 
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embracing the apiders, scor- 
ploiis, and mites. 

A.'bb-0-LATB. FurDiBhrd witL 
Binall oreu; lihe a oeluork. 

A-rib'tatb. FurnUUcd wiih a 
balr. 

Ab-tkbo'fo-da (Or. arihrot, a 
joint; pinu, podog, foot). Tkoee 
Artlculata with Jointed fe«t, 
Buch as crabs and insects. 

AB-Ti-cu-i.&'TA(IjatarA«uZiu, di- 
lUiDuUve of arta», a Joint). 
Cuvier'sgubkingdom of worms, 
Crustacea, and insecU. 

Ae-ti-o-dac'tt-la (Gr, arUo*, 
eveD; daklaUn, finger or toe). 
Those Ungulates with an even 
number of toes, as the ox. 

A-BKx't;-AL. Applied to animals, 
especiully insecis, in which the 
ovaries or reproductive organs 
are imperfectly developed ; and 
which produce eggs or young 
by budding. 

Ao-KELI-A. Old terra for the 
pupa of an insect. 

An'Bi-CLB (Lat. avrieuta, a lillie 
ear). One of the cavitieB of 
tlie heart of mollusks and vcrte- 

Az'Y-ooa (a, without ; ^ugott, a 
yoke, a pur). An organ, such 
SB a nerve or artery, situated 
in tlie middle line of a bilater- 
ally sym metrical aDimnl, which 
has therefore no fellow, 

B^-No'po DA (Qr. baino, to walk). 
The thoracic legs of insects. 

B.£'tlO-SOME (Gr. baino, to Walk; 
soma, body), Tlie thorax of in- 
sects. 

Bi'FiD. Divided into two parts; 
forked. 



Blas'to-derm (UiutM, a bud or 

sprout; derma, skin). Theflist- 

formed layer of the germ-cells 

of tbB embryo. 
Bi,ab'to-pore. The mouth of 

the gaslrula. 
Blab'to-bphrbk The embryo 

when consisting of a ungle 

cell-layer. 
Bran'chI'A. a gill or respirator) 

nrgan of aquatic animals. 
BBAR'cin-AU. IteiHting to the 

gills orbrnnchiee. 
Boc'cal. Relating to the month 

cavity; or rarely to the cheeka. 
BuIj'late. BUstereil, 

Ca-du-ci BRAN 'CHI ATK (Lat. ea- 
dueut, falling off; Gr. bragehia, 
gills). Applied to those Bo- 
tToehia in which the gills be- 
come absorbed before adult life. 

Cal'ca-ra-trd. Armed with 
spurs, 

Ca'lyx. a little cup; often ap- 
lied to Uie body of a Crinoid. 

Cap'itatr. Ending in a head or 

CEN-THim. The body or central 
part of a vertebra. 

Cb-fhal'ic, Relating to the 
cepbaluni or head. 

Cb-fiial'o-here. Acephalicseg- 
meut of an Arthropod, 

Cb-fhal'o-bous. The head of in- 
sects, Arachnida and Myrio- 

Cbb-co'po-da (Gr. «r«w, tail; 
pout, podoa, loot). The last pair 
of Jointed abdominal appen. 
dages of insects; the "cercl," 

Chb'la, The terminal portion of 
a limb with a movable lateral 
part, li^ the claw of a crab ; aa 
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In the chelate mexilla of the 
scorpion. 

Chi-as'ha (Or. eMatnta, s CTOsa- 
ing). The commissure at the 
optic nerres in moet verte- 
brates. 

CBi'TiH(Qr. cAi'ton, atunic). The 
borny substaoce id the skiD of 

CHYI.K (Gr. ehulo», jaice). The 
milky fluid resulting from the 
action of tlie digestive fluids od 
tlie food or cljyme. 
Chyme (Gr. ehvmot. Juice). The 
acid, partly fluid or partly 
digested food, produced by 
the actioa of the gastric juice 
OQ the food. 
, Cn-'i UM (pi. eiHd). Microscopic 
filaments attached to cells, 
usually witliiD the body, and 
moving usually rbythmical- 

ly. 

Cib'sus. a slender process on 
the body of worms. 

Clo'a-ca (Lat. a sewer). Tlie 
common duct or passage at the 
end of the intestine into which 
the oviducts and urinary ducts 
open, as in reptiles, birds, and 
moDotreme mammals. 

Ccb'cai,. Ending blindly or in a 
cul-de sac. 

Ccb'cuu. a blind sac; usually 
applied to one or more append- 
ages of the digestive canal. 

C(&-KBN'CBT-lfA(Qr. jfcoinoi, com. 
moo ; eAumoi, chyme or Juice). 
Applied in polyps to the coral 
mass containing the cliymifer- 
ous or nutritive canals connect- 
ing (be different polyps. 

Coi>'iiO-PHORB. The sucker-like 
organ extended from the under 
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side of the abdomcD of Fodu- 

CoH-Mis'suita. The nerves con- 
necting two ganglia. 

Con col'o rotib. Of the same 
color as another part. 

Con'dtle (Or. kondvlM, a 
knuckle). The articular sur 
face of a bone, especially o( 
the occiput. 

Oor'ti Cal. Relating to (he cor. 
lex or Inner skin; eiternul, af 
opposed to medullary. 

Cob'tal (Lat. ooHa, a rib). Be 
lating to the ribs. 

Cbib'si fork (Lat eribrwa, a 
sieve ; forma, form). With 
perforations like those of a 

Crop. A partial dil^Ation of 
the gullet or oasophagus, the 
ingluvies ; in many insects the 
fore stomach or proventricu- 
ius. 

CuTi-CLS. The outermost layer 
of the integument. 

DE'Cm'iT-OiTS. Relating to parts 
wbicli fall off or are shed dur- 
ing life, as the gills of the 
frog, etc. 

Dbh'tatk. Furnished with 

Dkbm'a-top-tb-ha (Gr. derma, 
skin; ptervn, wing). The ear- 
wigs. 

Dkc-tom'a-l.^. The third pair 
of head appendages of Hyri- 

Di DKL'PHr-A (Qr. dU, two, (» 
double; delf^ui, womb). The 
sub-class of Marsupials. 

DiF FHK-xn-Ti- AXIOM. Thespec»- 
ializatioa or setting apart of. 



spedal OTgaos for special work, 
M the BpecitilizatioD oF the 
haod of mwi from the fore- 
foot of other mammals ; also 
applied to the special develop- 
menl during embryonic life of 
parts adapted for peculiar or 
special f uoctioDS. 

Digit. A finger or toe. 

Di-uid'i-ate. Half round. 

Di-(k'ci-oub. (Gr. dit, two; 
otkot, house). With distinct 

Dip'tb.ba (Gr. dit, two; pUron, 
wing). Two-winged flies ; an 
order of Insects. 

DI'Vbr-tic'd-t.uu. An offshoot 
from a vessel or from the ali- 
mentary canal. 

Ddct. a tube or passage usu- 
ally leading from ^ands. 

Ec-Dy'ai8 (Gr. «kduH», casting 
off). Theprocessof casting the 

. skin : moultiag. 

E'Chih-o-dbb'ma-ta (Or. echiTioi, 
a hedgehog or urchin ; hence 
applied to the aea-urchin ; and 
derma, skin). The fourth sub- 
kingdom of animals. 

Elab-mo-bbah'chi-j (Gr. datma, 
a strap; bragekia, gill). The 
sharks and rays. 

E-la'tbh. The spring or forked 
"tail" of Podurans. 

E-lt'tka (Gr. elutron, a sheath). 
The fore- wings of beetles, 
serving to cover or sheathe the 
bind wings. 

Eh'brt o. The germ or young 
animal before leaving the egg 
or body of the parent, 

EkdO' BLAST. Tbe primitive, 
embryonic endoderm. 



En'tx-bom (Or. tnlenm). A gen- 
eral term applied to the diges- 
tive canal as a whole. 

B-phbm'b-bi-ba. The order of 
net-veined insecla represented 
by Ephemera. 

E'-Pi'BLAST. The ectoderm in 
its embryo state. Tbe ecto- 
blaat. 

E pib'o le. Where the gastrula 
is formed by a spreading of n 
thin layer of epiblast cells 
over the much larger hypoblast 
cells. 

E-PIHTO-UA. That part of tbe 
face of flies situated between 
tbe front and the labrum. 

E-qui-LAt's-kal. Having the 
sides equal, as in Brachiopod 
shells. '' 

E'qni-TALVE. Applied tOBhells 
like the clams and most Lv 
mellibrancliB, which are com- 
posed of two equal pieces or 

Es-bbb'ted. Protruded; opposed 

to enclosed. 
Es u'vi-UM. Cast-oC skin. 

Fissip'A-BODs (Lat J!mu», deft ; 
paj-io, to bring forth). Ap- 
plied to a form of asesual gen- 
eration where the parent splits 
into two parts, each part be- 
coming a new individual. 

P(b'td8. The embryo of a 
mammal, 

Qang'li-on (Qt.gaggUon, a swell- 
ing or lump). A centre of 
tbe nervous system, consisting 
of nerve-cells and fibres. 

Gbh-uif'a-rohb {gemma, bud ; 
pa^io, to bring totlh]. Aft- 
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plied to It fonn of asesual gen- 
eratioD where new indiTiduals 
arise as buda from the bodj of 
tbe pareot. 

Gla'bboub. Smooth; opposed 
to hairy; dowDj, villous. 

GiAHD. A cellular sac which 
secretes, i.e. seporatea, cerUin 
coQBtituentsof the blood. The 
liver is a gland secreUng bile ; 
the kidneys eicrete urioe. 

Gi>AU'coua. Bluishgreenorgray. 

QOH-OP'o-DA (Qr. ffOTW, gt-ourii- 
tloo; jumt, pode*, foot). The 
modified first pair ol abdomi- 
Dal appendages of the male lob- 
Bter, shrimps, and crabs. 

Hje'mai. (Qr. haima, blood). 
CoQoected with the blood-ves- 
sels or heart. 

Bal'lus. The thumb or great toe. 

HiL'TKR-KS (Gr. haiUra, poisers). 
Balancers : the rudimentary 
bind wings of Diptera. 

H Airs' TBL-L ATE. Furnished With 
a proboscis so as lo lalie food 
by suction. 

He-iof'te-ra (Qr. herni, balf; 
pteron, wing). An order of in- 
sects with the fore-wiags part- 
ly opaque, hence called heme- 
lytra. 

Ber-iiafh'bo-iiite (Gr. Eermei, 
Mercury ; Aphrodite, Venus). 
Any animal having tiie organs 
of both sexes, usually the 
ovary and testes, combined in 
the same individual. 

He-tb-bo-gbb'caIj. Unevenly 
lobed, as in the tail of sharks 
and Ganoids, when the back- 
bone is prolonged into the up- 
per lobe. 



HsT-E bog'a-ht. = PartbeDOgen- 



Hes-a'po-dous. Provided with 

a uo-cbb'caIj. Even-lobed, as 
ID the tails of bony fishes. 

Ho-mol'o ay (Gr. /ivrnologia, ' 
agreement). Implies idenlily 
in structure between organs 
which may Jiave different uses; 
as the fill of a whale, and the 
foot of a dog, or a bird's wing. 
Homology implies blood-rela- 
tionship, i.e., a community of 
origin tietween parts which 
may have dialiiict uses. 

Ht'da tid. Tlie blailder-worm, 
or the cystic stage of a tape- 

Hy-mbib-op'te-ba (Gr. Awnwn, 
hymen, or membrane; pUron, 
wing). An order of insects 
witb two pairs of membranous 

Hy'oid (Qr. r, «doa, resem- 
blance). A bone in mammals, 
resembling the Greek letter U, 
its form being diflerent in 
other vertebrates : also called 
01 lingua, from its supporting 
the tongue. 

Hy'po-blabt. The under or in- 
ner layer of the embryo. = 
ectobtast, and the endoderm of 
tlie adult. 

Ima'QO. The final or fourth, 
winged and adult state of iu- 

Inb qri-LAT'E ■»*!.. Having the 
two ends unequal, as in the 
clam, quoh<%, and meet La- 
melli branch shell e. 

Ih-k'^ci-valvb. With one^vrf™ 
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differiag in size or shape from 
the otber, m va Uie oyster ot 
Brachiopod shells. 
Ib'bo-ra-teq. Freckled ; sprin- 
kled with atoma. 

LaicB'DOi'daii. Referrlog to the 
lambdoidal or jl-sbaped suture, 
with the apex upward, in a 
mammal's skull. 

Lah-bl-li-bhan'chi ata (Lat. 
lantdia, a leaf or sheet ; bran- 
sAu, gill). A class of mollueks 
with large leaf-like gills. 

IiAK'VA (Lat. larva, a mask). 
The second stage of Ibe iosect, 
a caterpillar, grub, or mag- 
got. 

Luk'bar (Lat. lutr^ut, a loin). 
CoDuected with the loios, 

Lu'usN. The cavity of an organ. 

Ma-u'pe-des. The fourtli had 
firth pairs of bead-appendages 
of chilopod Hyriopods. 

He-dul' LA (marrow). The spinal 
cord of vertebrates. 

Mkh'tdk (chin). Tbc basal 
piece or Bclerite of the labium 
or second maxillte of Insects, 
Submentum Is the posterior 
division of the meutum. 

Heb-sn'tb-ros. The mid-gut or 
stomach. 

Mbb'bintr-bt (Gr. mtto*, inter, 
mediate ; enlenm, intestine). 
The membrane between the ia- 
testioe and abdominal walls. 

Ub'so-bIiAbt. The primitive, 
embryonic mesoderm. 

HK-TAd'R-KK-Bis. Alternation of 
generations. 

Hb'ta-iubb. The same as som- 
ite or arlhromera. 



1S.oii-<B'ci-ov» (Or. tnonct, single ; 
oOm, house). With the sexual 
glauda, etc., united in the same 
individual. 

Hi'o-BLAST. The embryonic 
cells wliicb become muscle 
cells. 

Hyb-i-of'o-da (Gr. murio*, thou- 
sand ; poug, podM, fool). The 
class of Iracheates comjirislng 
the Hillcpedeeand Centipedes. 



Ne- 



tT (Gr. nemo, a 
thread ; kutiit, a bladder). 
The ifbttliiig, slinging organs 
or thread-cells or lusso-cells of 
the jelly-fishes and polyps, 
etc 
Nk-phoid'i-a (Gr. Mphrot, kid- 
ney). The segmental organs 

Nbu-bof'te-ra (Or. nmtvn, 
nerve; pteron, wing). The 
order of net-veined insects with 
a complete metamorphosis. 

NiD-A-KBiN'TAii. Refemng to a 
nest, or egg-sac, 

No'to cord (Gr. notoa, back ; 
e&orde, a string), or chorda 
dorialit. The primitive sup- 
port of the body of vertebrate 
embryos, larval ascidians, and 
Ibe backlxjoe of the lancelet 
and lampreys. 

Ob'trc-tbd. Covered ; con- 
cealed. 

O'DOUA-TA. (Gr. odouf, teeth). 
The dragon fllea. 

0-Don'To-PHOBE ( Gr, odous, a 
tooth ; phtTo, I cany). The 
so-called tongue or lingual 
ribbon of the higher mol- 
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<E-bofh'a-oub (Gr. oiMS, a reed ; 
phagein, to eal). The gullet. 

Os-T0G'BKlY(0r. on, onto*, being; 
ffeae, birth). The deTelopment 
from ihe egg, of an iodiridual 
animal. 

O-PEE'cn-LUH (Lai. operio. to 
cover). In flghes one or more 
bones covering the gills ; in 
Gastropod mollusks a bornj 
plale or solid UmeBtone mass 
closing the orifice of shells. 

0-fib-tho-0(b'loob (Or. opiil/ien. 
behind ; Jeoilet, liollow). Tltoae 
Tertebrates with boilies holloi; 
behind and convex In front. 
' RU.. Related to the mouth. 
*BKi tho-dbl'ph i-a (Gr. omit, 
bird ; de^hvs. womb). The 
subclass of ranmrnals and or 
der Monclremata. 

Ob-thop'te-ka (Gr. orlho; 
Btn^gbt; ptgron, wiug). The 
order of insecla with straight 
narrow fore-nings, as the gniss- 
boppers. 

Ob-tra'co-da (Or. otiToeodet, 
slielled). A. group of shelled 
Crustacea. 

O'TO-uthb (Gr. o««, ear ; lithol. 
Blone). Bmall bones suspended 
In the internal ear of fishes, or 
concretions In the audiloiy 
Bacs of invertebrates. 

O-tip'a-boub (Lat. ooum, an egg; 
pario, I bring forth). Applied 
to animals tnioglng forth eggs 
instead of living, active young, 

O-VT-Pos't-TOK (Lat. ovu-m, an 
egg; p<mo, I place). An organ 
in insects homologous with the 
sting, by which e^s are de- 
posited in solid sutetances. 

O'vi'BAo. A sac or bag-like mem- 



brane attached to tbe parent, 
and rontaining eg^ 
O-TO-Ti vip'a-bodb (Lat. tmtm, 
an egg; tdvat, alive; pario, I 
bring forth). Applied to such 
animals as retain ibdr eggs in 
Ihe body until they are hatched. 

Vm do oen'b-bis. PHrtbenoge- 
nous development in larval In- 

pAL'Lt-tm (Lat. a cloak). The 
mantle or body-wall of mol- 
lusks, which secretes Ihe shell; 
adj. pallial. 

Papil'la. a mioutesoft projec- 
tion. 

P A-BRN ' CRY- HA (G r. paregehvma, 
from para, en, ehito, someiblng 
poured In besides). Applied 
to the proper substance of vis- 
cera, excluding connective tis- 
sue, blood- vessels, and other 
accessory parts. 

Pab-thbno gkh'e-8I8 (Or. par- 
theno», virgin ; geneHi, genera- 
tion). Reproduction by direct 
growth of germs from the egg, 
without fertilization by male 
germs or spermatozoa, as In the 
aphis, gall-insects, Huke-worm, 

Pbl'a-oic. Living on the high 
seas, away from the coast; in 
mid-ocean. 

Pbr'i-sokb (Gr. peri, around; 
loma, body). In Crlnoids the 
oral region of the cup or body. 

Peb-rk-ki-bran'ohi-a-ta (Lat. 
perennii, perennial; brandaa, 
gill). Those Ratrachia which re- 
tain their gills throughout life. 

Pbris-so DAc'TT-ij»(Gr.perM»9t, 
uneven; daktuUn, flngc 
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ThoM Ungulatea vitb an un- 
evea number of toes, u Ihe 

Fx-BI-TO-nk'uu (Or. p«W, around; 
teina, I stretcli). The mem- 
brane lining the abdominal 
nails and covering the enclosed 

PEB-i-Tis'cB-aAL (Gr, peri, 
around; Lat. vi*eera, tlie inter- 
nal organs, cBpecially of tlie 
abdominal cavity), Tbe body- 
caTitjr containing the alimen- 
tary canal with its outgrowtha. 

Pha-kth'qe-ai.. Relating to the 
pharynx. 

Pht-loo'b-nt (Qr. phvUm, stem ; 
pwM, birth). The development 
by evolution of the memlKrs of 
a genua, family, order, class, or 
theanimal kingdom as a whole. 

Pi'cE-ouB. Pitchy: the color of 
pitch; shining reddish black. 

Pi'lose. Clothed with pile, or 
dense short down. 

Pijin'd-la. The two - layered 
embiyo of Ctelenteratea, 

Pi^-typ'tk RA (Qr. ptahu, flat ; 
pUron). The order of insects 
represented by the white ants, 
Psocidffi and Perlidfe. 

Plks'us (Lat. a knot). Applied 
to a knot-like moss of nerves 
or blood-vessels. 

PoL-LBX. The thumb or iciner- 
most digit of the hand or fore- 
foot. 

PoL'T-proB or Pol'tpitr. The 
separate animals of a Hydro- 

Pbe'o-bal. In front of the 

moutb. 
Pboc'bbs. a projection; used 

chiefly in osteology. 



Pao-ctE'LOna (Gr. pro, front; 

koOo*, hollow). Those verte- 

bree concave or hollow in front. 
Paoc-TO-Dx'vM. The primitive 

hind gut. or rectum. 
Pro-toh'a-l^e. Tbe second pair 

of head-appenduges in Myrio- 

Pro'to PLASM (Qr. prolot, first; 
platttta, from plaMo, I mould). 
The albuminous, elementary 
matter forming cells and the 
body-subslnnce of Protmoa. 

Pbos'i UAL (Lilt. jircECimiM, next). 
The fixed end of a limb, bone, 
or appendage; Ihat nearest the 
body; opposed to ditlai, the 
farther end. 

PSEU-DO-PODi-A (Qr. ptetidet, 
false; podet, feet). The tem- 
porary processes sent out from 
the bodies of Pjvtotoa. 

Ptee-op'o-da (Qr. pteron, wing; 
pout, podot. foot). A class of 
pelagic molluska. 

Pu-BES'CENT, Coated with very 
fine hairs. 

PuKc'TCitED. Marked with nu- 
merous amnll impressed dots. 

Pr'PA (Lat. a doll). The third 
or usunlly quiescent, chrysalis 
Blage of insects. 



Rat'i-t-k (Lat. Tati», B raft). A 
division of birds with a keel 
less, raft- or punt-like sternum. 

Reab'dI'TEB. The blade-like ele- 
ments of Uie stiag and oviposi- 
tor of insects. 

Rhizo'po-da (Qr. rka, root; 
pmtt, podot, foot). The root 
footed i^vtMoo. 



>Og[' 



BO'Ttf'e-oa. (Lat. rota, a vheel; 
fwo, I bear). A class of wormB 
with a pair of ciliated vela 
which iu motioD resemble 
wheels. 

8a Qtr'TAL. Referring to a line 
or plane parallel with ibe 
sagillal or median suture of 
the slcull of higher vertebrates. 

Sab'Codb (Gr. tarx, flesh; oilet, 
way). Equi?alent and earlier 
tenn for protoplasm. 

Bca'bbous. Kougii lilte a flte, 
with amall raised dots. 

Bcle'rite. Auy separate piece 
of an iosect'a integument. 

ScDm. Applied to the dorsal 
pieces in Hjriopods. 

Sbp'tuh. a partition. 

Ho-xat'ic. Relating to the body. 

Soh'itb. a segment of a seg- 
mented animal, such as a 

SB-TA'CE-ou8(Lat. Mta, a bristle). 
BilBtle-tike. 

Sfi'ba-glb (Lat. tpiro, to breathe). 
The lateral breathing pores of 
insects. 

Sno'MA-TA (Qr. ttigma. a mark). 
A sjnonym of spiracle. 

Sto'lon (Lat.ftofo, ashoot spring- 
ing from the root of a plant). 
Applied to the root-like creep. 
ing growths of polyps and 
other Ccelcute rates. 

Bto-uO'Da'uk. Tlic primitive 
mouth and ceaophagus of the 
embryo of worms and Ar- 
thropoda. 

Strbp bif'te-ha (Qr. UrepItU. a 
twist; pUron, wing). A group 
of beetles, whose minute front 
wings appear as if twisted. 



Stbo'bi-la (Gr, itrobQet, a flr 
cone). The chain of sooida of 
a larval medusa; the chain of 
proglottides of a tape-worm. 

Suc-to'bi-ai.. Adapted for suck- 
ing. 

Sn-PBA-oR'sr-TAi* Abovetheor- 
bii£. 

Su'tcrx. a seam or impressed 
line between the bones of the 
skull or parts of the crust of au 
Arthropod. 

Stu'pht-bis (Or. mmphutit, a 
growing together). The union 
of two bones. 

Tac'tile. Relating to the sense 

- of touch. 

Tx-sro'i-vu. The baud or chiti. 
nous fibre, forming the so< 
called "spiral thread" of the 
trachete of insects. 

Tel'son (Gr. tel»on, from ttioi, 
end). The rudimentary ter- 
minal segment of the abdomen 
of Arthropods. 

Tbn'B'Bal. a state of the Neu- 
roplerous imago after exclu- 
sion from the pupa, In which 
it has not fully completed its 
coloring, clothing, etc. 

Tkn-tac'u-luu (Lat. Unto, I 
touch), A feeler or tentacle. 

Ter'ouu (LaL bock). The dotsal 
region of Arthropods. 

Tbbt (Lat. tMto, a shell). The 
thickened integument of Tutu- 

Tbb-ta'cbocb. Dull red; brick 

Tho'bax (Qr. thorax, a breast- 
plate). The chest in verte- 
brates; the middle body in in- 
sects and some crustaoea. , 
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Tht-bah-c'ba (Or. Ihutann, 
friugCB; oura, tail). Tbe )ow- 
eit arder of ioaecta. 

To XEN-KMn'. CoTered with fine 
matted liafn. 

TsA-BEO'u-T.iS (craail), dim. of 
In^, a Iwam. Applied to tbe 
longitudioal CBrlilngiDoua bare 
of tlie fore-part of llie liead of 
Tertebrate embryoB. 

Tra'crb-a (Or. tradieia, tbe 
TOUgli windpipe). Tlie reapira- 
toiy tube in Tertebratea; tbe 
air-lube uf tracbenie idkcIs. 

Trjuc-a TODA (Qr. bmta, a pore 
or ho]e). An order of worms. 

TBmCATKD. Cutequuelyofl; 
docked 

Tn-BBiRCD-LOSB. Co*erad with 
tubercles. 

Tcir-i'CA'TA(Lat. tumea, acloak). 
Tbe class of choidala called 
Asddlans. 

Um'bo (Lat. the Ijossof a abield). 
Tbe bealc of a Ijametlibranchi- 
ale sbeli. 

UM-ou-ui'TA(Lat.t(i]^?a, ahoof). 
Tbe order of lioofed mam male. 

U-bo-DK'la (Gr. ovra, tail ; ddd. 
visible). Tbe tailed Batrachi- 
ans. 

U-bo-HBBb' (Qr. ouroi, tail ; meroi, 
apart). Any of llie altdomiQal 
segmeDts of an Arliiropod. 

TJ-KOP'O-DA (Gr. ourot; pout, po- 
dot, foot). Any of the abdom- 
iDal feet of Artbi'opoda. 

U-ito-BOUB' (Gr, ouTM, lail; menu, 
a part). The abdomea of Ar- 
thropods. 

U-BO-STEBK'rrs. The sternal or 
under piece of tbe uromeres or 
abdondnol Begments of Insecla. 



Vac-tj-olb' (Lat. taeavi, empty). 
Tiie little caviiieR Id tbe bodies 
of Frolotoa. 

Vein. Applied to tbe ribs or 
" nervuros" of the wings of in- 
sects : tbe branches of the veins 
are called ttmtUt. 

Vks'tral. Applied to the under 
siile of tbe abdomen, or of tbe 
body of InTerlebrstes. 

Vkb'tri CLE (Lat. wntwuIuJ, di- 
minutive of wnfer). One of tbe 
cavitjee of the iieart or brain- 

VKB-Rfc'TJ-LATE. With thick set 
tufts of parallel hiiirs. 

Vbr'rp-co«k. Covered with wart- 
like prominences. 

Ybr'te-bra (Lat. verio, I turn). 
Ooe of (he bones of the spbal 
column or backbone. 

VB!B-Tr-cn.'i.ATH. placed in 

Ybs'i CLK (Lat. WMA), a blad- 
der). A little sac, bladder, or 

Vis'CE-RA (Lat. vumif. The in- 
ternal organs of tlie bodj*. 

Vi-tip'a-roub (Lat. «iw«, alive; 
and pario. I bring forlli). Ap- 
plied to animals which bring 
forth Uielr young alive. 

Zo'SlD (Gr. Eddn, animal ; eidot, 
form). The higbly specialized 
organs of Buch animals as the 
Hydroida, and other compound 
forms which have a marked In- 
dividuality, and which might 
be misiaken for genuine indi- 
viduals. 

Zo-opam (Gr. toSn, animal; 
phii/on. plant). Applied to tbe 
plsnt-like polyps, eortulariatis, 
and sponges. , - i 
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Aabd vark, 203 
AcaotliarchuB, 1S7 
Acarina, US 
AcipeuBer sturlo, ISl 
Actinia, 28 
ActlDosphnriuin, II 
ActiDozoa. 37 
Adder, pufF, IM 
^piornia, 308 
African lung-flsli, 103 
Ai, 349 
AlbiLtroBS. 334 
AIca inipenniB, 313 
Alenife, 163 
Alligator, 198 
Alopecias, 115 
Alosa, 163 
Alytea, 184 
AmbergriB, 266 
Amblropsia speleeiis, 165 
Amblyrhyuclius, 195 
AmblyBtoma, 180 
AmiuruB, 161 
Amoeba, 6, 7 

proteufl, 7 

epliteroccus, 8 
AmpeliB. 33S 
Ampliibia, 17S 
AmpbisxuB, 138 
Ampbipoda, 91 
Amphisbena, 193 
Ampbitrile, 63 
Amphiuma. 180 
Anabas, 169 
Acablepa, 199 
Anarricbas, 1S9 
Anas. 318 
Ancbitberium, 377 
AnciatrodoD, 191 



root,0 

trampet, 14 
Anaulsta, 08 
AuodoDta, 67 
Anolii, 108 
Ant, 139 
ADi-eater, 300 

aplDj, 341 
Aaledon, 41 

Antelope, prong- bom, 386 
Antbropoidea. 803 
Antilocapra, 386 
Anura, 184 
Ape, 807 
Apbia, 133 
Apbis lion, 131 
ApbredoderuH, 167 
AploceroB, 389 
Apodes, ISO 
Appendlcularia, 188 
Apteryx, 207 
AptomiB. 908 
ApuB, 88. 8S 
Aracbcidu, 113 
Araaeiaa. 114 
Arcbwopteryx. 306 
Arcbiteuibis princeps, 75 
ArctomvB. 359 
Ardea,230 

Argonauta argo, 7S 
AriaB, 161 
Armadillo, 301 
AnbrogaBtra. 118 
Artbropoda, 78 
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ArttodactrK 979 
AacidianB, 186 
AseltuB, 91 
Aspidonectes, 197 
Aspredo, 161 
Am, 279 

Aslerias vulpariB, 87, 42 
Asteroldea. 42 
Astroides, 80, 81 
AteleB, S04 
Atoll. 8* 
Aucbenia, 291 
Auk, ai2 

great, 213 
Aurelia, 24 

Australiaa limg-flib, IS3 
AsoloU, 181 
Aje-aje, 803 

Baboon, 807 
Badger, 396 
BaleenicepB, S20 
BkUdus balauoides, 60 
Banittcle, 86 
Bat, 262 

fruit, sea 

Batr&clila, 176 
Bear, 294 
Beaver, 253 
Beche-le-mer, 4S 
Bee. 181 

gtingleas, 18S 
Beetles, 128 
Big-horn, 288 
Bm-flsb. 166 
BipinnBrio. 44 
Bird of Paradise, 284 
Birds, 199 

eggs, 203 

flmbt of. 199 

migration of, 205 

nests, 203 

soDgs of, 208 
Bison, 290 
Bittero, 320 
Blackbird, 284 
Bleak, 157 
Blenoy, 169 
Blind fish, 109, 16S 
Bluebird, 286 
Blue-flab, 186 



Boar, 289 
Bobolink. 284 
Bolina alata, 86 
Bos. 290 
BolauTus. 220 
Bot-flT. 124 
BotrflluB, 186 
Boz-flsb. 174 - 
Bracbiolaris. 48. 4S 
Bracbiopoda. 65 
Brady pus, 249 
BraDcbiopoda, 88 
Brancblpus, Kl, 
Branta, 218 
Bream, 167 
Brevoortis, 168 
Bristle-tails, 117 
Bubo, 238 
Bufo, 187 
Bug. 131 
Bustard, 222 
Bulcber-bird. 280 
Butterfly, 127 
Buzzard, 226 
ByssuB, 70 

Cachblot, 266 
Galmau, 198 
CailorbyDchns, 160 
Camel, 291 
Cancer irroratns, 91 
Cauts, 299 
Capelin, 164 
Capybara, 257 
Carcajou, 297 
Carcbarias, 146 
Oariacus. 288 
Caribou. 288. 284 
Carina lie, 210 
CarniTora, 298 
Carp, 164 
Case worm. 128 
Cassowary, 208 
Cat, 800 

wild, sot 

flsb, 107 
Catbarles, 226 
Gebiu, 806 
Cecidomyia, 135 
Cell, 6 
Centipede, 111, 113 
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ISO 



Cephalopbon, Tl 
Cephalopoda, 7S 
Ceplialoptei 
CeratoduB, liKi 
Cerotoplera, ISO 
Cercann, SO 
Cercoieptea. 2M 
Cervus, 388 
CesliMJed, SO 
Oestracion, 144 
Cetacea. 268 
Chalk. 11 
ChameleoD, 103 
CbeiromTs, 303 
Chelifer. 114 
Cbetonla, 195 
Chelfdra. lOT 
Chilichthyg. 175 
Chilognatha, 111 
ChilomycleruB, 1' 
Cbilopdda, 111 
Chlratera, 160 



ChipmiiDk. as8 ' 
CiiiromjB, 803 
Cliiroptere, 203 
CLlroMs. 103 
ChordaCa, 1S3 
CboTdeilM. 3S0 
ChryBemys, 1B7 
ChrysoUirix, 805 
Chub, 164 
Chub-ancker, 167 
Cicada, 17 year, 133 
Cirrip^ia. 86 
Clod'ocera, 89 
Clam, 64 
Clepaine, SO 
Cliotia, 18 
Clotbo, 101 
Clupea barengua. 163 
Clymenella, 61, 62 
OoaU, 394 

Cobra de capello, 160 
Cod, 170 
Ccacllia. IBS 
CtBlenUratee, 10 
Coleopten, 125 
Colobae, 807 
Col7mbiu,818 



Gomb-bearen, 86 
Condor, 236 
CoDdylura. 360 
Congo BDake. 180 

CODUTUB, 330 

Coot, 310 
Copperbead, 301 
Coralllum robrum, 93 
Coral polype, 37, 30 

reefa. 88 

red, 83 

snake, 180 
Cormorant. 316 

Coiypb'tena. 166 
CottoD tail, 366 
CottoD worm, 180 
Cowry, 78 
Cougar, 800 
Cow. Bea. 368 
Coyole, 399 
Crab, 94 

hermit, 94 

horse-Bhoe, 05 

king, OS 
Ci'ane, 230 
Crane fiy, 136 
Crlaoidea, 40 
Crocodilia, 198 
CrocodlluB, 1B8 
Crow, 234 

carrion, 326 
CntttBcea. 78, 80 

blvBlved, es 
CiyptobranchuB, 180 
Ctenophora. 86 
Cuckoo, 330 
Cultrlpes, 184 
CudIcuIur, 353 
Cunner, ISO 

CuDDer, anatomy of, 154 
Curasao w. 234 
Curlew. 331 
Cnltle-fisb, 75 
Cyclodus, 192 
Cyclops, 87 
Cycloslomi, 141 
Cynomys, 860 
Cypnea moncta, 73 
Cyprlnua, 164 
CyaticercDB oeUulow, 89 
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Dacs.164 
DalUnniis, 18 
Daphaa,8» 
Darter (flsh), 168 

(bird), 21« 
DtMjpus, 261 
DecapMM, M 
Deer, 288 ; (black-uaied), S 

mule. 288 

TiKinlsD, S83 
Delphinapterus. 367 
DendrcBca, 23G 
Dennaptera, 117 
Deemognaihiis, 180 
DeTil-flBh. 1» 
DibraQcbUtH, 75 
DlcotylM, 379 
Didelpliys. 245 

Diemyctyliis, 188 
Dlnornis. 208 
Diomedea, 214 
Dipnoi, 151 
Dipters, 125 
Dodo. 235 
Dog. 298 

YHrielies of, 900 
Dog'flsli, 145 

Bbark, 146 
Dolphin, 168 
Doris, 73 
Doroaoma, 157 
Dove, 325 
Dragon-fly, ISl 
Drum-fish, 157 
Duck-bill, 241 

black, 216 

canvBB-back, 218 

eider, 317 

king eider, 318 

manard, 318 



Eaqlb, 237 
Earth-worm, 47, 48, 68 
Earwig, 117 
Echeueia, 166 
Echidna, 341 
EchinarachniUB, 45 
EduDodermata, S7 



Ecblnoktea, 41 
Echinus, 44 
Ectoderm, 819 
Ectopistes, 238 
Edentata, 348 
Eel, 157 
Eel. 160 

electrical, 161 
Eel pout, 169 
Elaps, 190 
ElasmobrHDCbti. 148 
Elephant, 269 
Elepbas. 269 
Elk, 28S 
Embiotoca, 169 
Encrinites. 40 
EncrinuB, 40 
EuneacauUius, 167 
Enteropnenata, 68 
Enlodenn, 8, 19 
EDtomoBiraca. 87 
Eotaippus, 877 
Eolia,7a 
Eozoon, 10 
Epeira vulgaris, 115 
Epistylis, 14 
Equus, 277 
Eretmocbelys, 197 
ErimyzoD, 167 
Ermine, 297 
Estheria, 80 
Eucbone, 68 
Eupa gurus, 94 

Euplectellum aspei^lum, 18 
Eupomotla. 167 
Eury pharos. 175 
Eultenia sutalis, 189 

Fabciola hbipatica, SO 

Fauna, 4 

Felifl,80O 

Fern, 393 

Fiber, 267 

Pierasfer, 170 

Fincb. 2S4 

Fisher, 297 

Fishes, 143 

bony. 164 

viviparouB, 169 

labyrinth, 169 
Fishbawk, 820 
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Fish, BOUDds of, 1G7 

snimmiug, mode ol, 1 
FisBipedia,^ 
Flagenum, 12 
Flamingo, 319 
Flat-worma, 49 
Plea, 138 

beach, 92 

water, 87. 89 
Flounder, 171 
Fluke-worms, 40 
Flycatcher, 283 
Fly, house, 125 
Flying-flab, 160 
Foraminifera. 9, 10 
Forflcula, 117 
Fox, 290 

flying, 362 
Fratercula, 212 
Frog. 181 
Fulfca. 219 
FuligiUa, 318 

GiiicB, 170 
Qalago, 804 
GaleopithcnoB, 260 
Qall-lfy, 12S 
Oallliue, 333 
Gallinago, 221 
Gollinula, 330 
Qallinule. !£30 
GalluB, 233 



GsDoet, 216 

Ganoidel, 100 

Gar. allie«tor. 158 

Gare fowl, 313 

Garpike, 153 

Gar, silver, 166 

QasteroBteuB, 168 

GaEtrotheca. 186 

Gsstruta, 43 

Gavial, 198 

Gekko, 104 

Genetca, BOO 

Get^raphical distribution, 4 

Geom^ 360 

GeopMIoB, 111 

Gephyrea, S8 

Gibbon, 340, 800 



Oila monater, 190 
Oiralle. 390 
Gizzard eliad, 107 
Olaaa-snake. 193 
Globicephalos. 267 
Globigerina bulloides, 9 

Glow-worm. 124 
Glutton, 297 
Goat, monnlain, 289 
Goat-Bucker, 2S0 
Gooae, barnacle, 218 

white-fronted, 218 

wild, 318 
Goose-flsb, 173 
Gopher, 309 
Gordius nquadcos, 63 
Gorgouia nabellum, SI 
Gorilla, 810 
Graculus, 216, 
Grasshopper, 104 
Grebe, 213 

Gregsriaa gigantea. It 
Gregarinida, 0, 11 
Grilse, 164 
Grouse, 322 
GruB, 830 
Guide-bird, 380 
Guillemot, 213 
Guinea-hen, 333 

Gulo, see 

Gymnophiona, 188 

Haddock, 170 
Bag-fish. 141 
Hake. 170 
Baltaetus, 337 
Haplodon, 256 
Hare, 3S6 

Uttle chief. 257 
Barveatman. 114 
Helix albolabris, 78 
HeD-bender, 180 
Heloderma. 195 
Hemippua. 378 
Hemiptera, 121 
Heron, great blue, 220 

night. 220 
Herring, 163 
Hesdan-fiy. 135 
Hezapoda, 116 
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Hlnuntoptu, 231 



Belocepluai, 160 
Holothuroldek, W 
Homo, 811 
HorobUI, 380 
Uoma, 388 
Honi-t^l, 138 
HoMe, 376. 377 
HonesLoe crmb, 9S 
Hoiue-fly, 135 
Uuauaco, 391 
Hummiiig-binl, 380 
Hjdn,88 
HydractiDlft. 33 
Hydrozoa, 30 
Hfla, 18S 
Hjlobatu, 80? 
Bjlodec 186 
Hjmenoptera, 138 
Hypoderma boyis, 135 
Hyracoidea, 373 
Hyrax.372 

ICHNXUHOIT TLT, 139 

Idotcea, 92 

Idyia roaeola, 84 

Iguiuu, 103 

lofuBorU, 0, 11 

Insectivora, 360 

Insects, 100 
how they breathe. 108 
how they walk, 109 
melamorphoBiB of, 110 
strength of, 100 

Isopoda, 91 

Isania punctatos, 14S 



Jay, 31 
Jiuus, 



111 



ElLLBK, 367 

EiDcajou. 204 
Eiog-bird, 288 
Eiog-crab, 95 
Eing-fisher, 380 
Kinglet, 389 



LA fl l KIH TH I Cl, 163 

Lacertllia, 193 
Lactopbiys. 17S 
LagopuB, 333 
LamellibraDdiiBU. 64 
Lampreys, 141. 143 
Lamp shells. 60 
LaDcetet, 188 
Leech. 06 



Lepas, 88 
Lepidoptera. 137 
Lepidosiren, 103 
LepidoateuB. 108 
LepidnniB. 80 
Lepisina, 117 
LeptocardU, 186, 188 
Lepiu, 306 
LemBa, 68 
Limnnns, 73, 78 
Limaetis, BO 
Limooria t«rebimus, 91 
Limnlns Polyphemus, 90 
LlDgula, 66, 67 
Llssotriton, 188 
Litbobius. Ill 
Lizards, 193 
sea. 190 



anatomy of, 103 
Bocky Mountain, 118 

LooQ, 318 

LophtuB, 173 

Lophobrancbii, 178 

Lori, B02 

Lonp cerrier, 301 

Lmnbricus agricola, 81 
rubelluB, 61 
terrestris, 47. 48 

Lung-flsli. 161 

Lutrn, 300 

Lycosa, 115 
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H&CAOim, 800 
HackOTel, 168 
Mackerel, hone, 169 
Uficrobde11& decoru, S0 
Madreporaria, 88 
MfeaDorina Uby rinthico, 8t 
Hngpie, 384 
Mflfacopoda, 111 
Ha1eo,S33 
Mallophftga, 120 
HallotuB, 164 
MammaliB, 287 
Mammals, bair of, 241 

odore of, 340 

voice of, 240 
Mammoth, 273 
Had, 811 

difference from apes, 8t8 

skull Id. 318 

races of, 814 
Manatee, 209 
Hanatus, 209 

Steller's. 369 
Mandrill, 807 
Mania, 301 
MaoUa, 121 
Mannoeet, 304 
Maiaipobnncbii. 141 
Maraupialia, 344 
Marten, 297 
Mastodon, 278 
May-fly, 119, 130 
Mecapteia, 119 
MegocephaloD, S33 
Megapodlus, 223 
M^uogrammus, 170 
Melanura, 160, 167 
Melosplza, 2S5 
Hembranipora lolida, 65 
Menhaden, 168 
MenobraacbUB, 179 
Menopoma, 180 
HephiUs, 396 
MerlncluB, 170 
Henwtomate, 95 
Mesogonistius. 167 
Mesobippos; 277 
Metazoa,8 



Metrldium maixlnatnm, 38 

Mias, 808 

Midas, 804 

Millepedes, 111 

Millepora, 23 

Uimetes, 807 

Mink, 298 

HinQDW, mud, 165, 167 

HiohippuB, 277 

Mite, 118 

Men. 208 

MockinE bird, 336 

Mola. 175 

Mole, 360 

Molgula maiihatleni^ 136 



Mollu 



a. 64 



Monad, 11 

Monkey. 339. 804 

MonodoD. 2flT 

Moose, 284 

Morula stale, 17 

Mosquito, 128 

Mother Carey's chicken, 318 

Moths. 137 

Hound bird. 238 

Mouse, 357 

Jumping, 259 
Mud dauber, 183 

wasp, 180 

flab, 154 

puppy. 179 

sun-fish, 107 
Mule. 279 
Mulinia. 71 
Mus, 257 
Muskrat, 257 
Musk- sheep, 290 
Musquasli, 257 
Mussel, 70 
Mustela, 297. 301 
Mustelus cauis, I4S 
Muzir, 279 
Mya arenaris. 64 
Mygale avicutaria, 118 

Hentzii, 115 
HyliobatlB, 146 
Myodes, 253 
Hyriopoda, 111 
Myilosoum sut^raclle, 65 
Myrmecobius, 247 
Myimecopba^ 301 
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Uytilus edulis, 69, 70 


Otter, 390 


Uf zine. 141 


OTitxw,3fiO 




OvlpoBitor, 109 


NAMBacYa.197 


Oris, 387 


NarwUle. 3«7 


Owl, 327 


Nasua, 294 


Ox. 390 




Oyster, 69 


Nautilus, 76 




Neballa bipes. 94 


Pai-aptkhtx. 208 


Necturus, 179 


Palaeontology, 4 


NemfttelmiDilieB. S3 


Palamedea. 222 




PandioQ. 237 




Pangolin, 281 


Nephelia, S9 


Panther, 800 


Nerds virens. 63 


Paper nautilus, TJi 


Neaodon, 278 


Paradieea, 284 


Neuroptero, 138 
Newt, 180 


Paragorgia arborea, 81 
Paramecium, 14 


water. 188 


Parr. 164 


Nighthawk, 230 


Parrot, 228 


Noctiluca. 13 


Partridge. 223 


NotodelpLys, 186 


Pear slug, 129 


Nototrema, 186 


Peccary. 279 
Pediculati, ITS 


Nucleus, 8 


Nudibranch moUusks, 72 


Peep. 221 




Pekan. 297 




Pelican, 216 


Nurse. 50 


Pelobates, 184 


Nyctea, 238 


Pelodytes. 184 


Nyctiardea, 220 


Petopsus, 180 




Pentftcrinua capul-meduste, U 


Octopus, 75 


Odonato, 121 


Perca, 188 


OdjrneruB, 181 
Opbidia. 188 


Percb. 186 


pirate, 187 


Opisthocomus, 


Peripatus, 111 


Opialhomi. 160 


Pertaaodactyla, 274 


Opossum. 245 


Fetaurus. 248 


Orang. 308, 809 


Petrel, 218 


Orca. 287 


Patromyzon, 143 


Oreortyi. 333 


Pewee, 233 


Oriole, 384 


Pbalaogium, 114 


OruithodelphiB, 341 


Pbooena, 367 


OrulthorhyDCbus, 341 


PbiBDicoplerus. 219 


OrohippuB, 377 


PbiloLela. 231 


Orthoplera, 117 


Fbiynosoma, 194 


Onyx. 233 


Pbyllocarida, 93 


Oryoteropos, 868 
Osprey, &7 

Ostrlcb, African, 208 


Pbyllopoda, 89 


Physa, 73, 78 
Pbysalla, S8 


gouth Ameiican, 308 


Pig, 379 
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PseudemyH, 197 


Pinnipedl^ 2B8 


Pseudobrancbus, 179 


Pipa. 187 


Pseudopleurniiectes, 173 


Pipe-flsh, ITS 


Pseud opod, 6 


Pisces. 143 


PseudopuB, 193 


PlagioBtomi, 145 


Ptarmigan. 222 


Plaguaia. 171 


Pteropus, 263 


Flaaaria torra. 48, 40 


Puffer, 175 


Plant louse, 123 


Puffin, 213 


Platalea, 331 


FulmoHala, 78 


Platyhelmiothes, 49 


Puma, 300 


Platyptera. 120 


PutoriuB, 397 


PlectognatLi. 174 


Pygopodes. 310 


Plectoptera, 119 




PlethodoQ, 180 


Qdail, 323 
QuiQuat, 168 


Pleurobracbia rhododttctyla, 86 


Pleurolepia. 168 




PlotnB. 318 


Rabbit, 36S 


Plover, 331 


RaccooD,394 


Plunulella, S6 


Radiolaria, U 


Plum weevil, 138 


Rail, 219 


Podicepa, 218 


Raja, 146 




Raua, 187 


Podura, 117 


Rangifer, 38S 


Poecilia, 159 


Rasores. 328 


Folyodon rolium. 151 


Rat, 367 


Polypedates. 185 


Ratilo.aOT 


Polypterus. 152 


Rattlwaake, 191 


Polyzoa, 54 


Rays, 146 


Pomatomus, 166 


(^,149 




RedKBO 


Porcellio, 91 


Reed-bird, 3S4 


Porcupine, 257 


ReguluB, 386 - 


Forcupiue-fiah, 175 


Reindeer, 384 


Porifera. 15 


Reptilia. 188 


Porphyrio. 320 
Porpoise, 267 


Rbea, 208 


RbinicbUiys, 164 


Porsaoa, ^19 


RliinoceroB, 375 


Portuguese mao-of-var, 37 


Rhlzopoda, 9 


Potato beetle, 126 


Rhytina, 269 
Robin, 236 


Pout, bornea, 161 


Prwrie dog. 260 
Primates, 801 


Rodentia, 253 


Botalia,10 


PrimDoa reseda, 31 


Rotatoria, 68 


Priatis, 148 


Rotifers, 58 


Proboscidea, 369 


Round worms, 63 




Rumioantia, 381 




H*BT,R, 897 


Pnjtoli,179 
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In, 180 
BklllM^ 168 
EhOmon, IBS 
Solpa iplnoia, 188 
Buidplper, S31 
Sand-wasp, ISO 
Barcorliampiu, 2S6 
Ba« flsta, 14S 
Saw Qy, ISO 
BcapbiopuB, 184 
Bceleponis, 104 
Sciuius, 358 
ScolopenJm, 114 
Scomber, 168 
Scorpion, 118 

falM, 118 

wbip. 118 
Sculpln, 169 
Sea-anemonea, 27 

cucDmberg, 87, 45 

fan, 81 

bone, 178 

Uon, 2»3 

mat, 54 

squirte, 186 

swallow, 314 

urchlnB, 87, 44 
Seal, 298 
8elacbe,145 
Selachii, 148 
Selandria cerad, 139 
Semnopnbecns, 807 
Semotilns, 164 
Sertularia, 24 
SeweUel. 356 
Shad. 168 
Shag, 316 
Shagreen, 14S 
Sharks, 143 

basking, 14S 

hammer- headed, 145 

mackerel, 145 

thresher, 145 
Sbeep, 387 
Skip-worm, 71 
Showt^ 366 
Shrew, 260 
Sbrlke, 3S5 
Shrimp, M 
Siamaog ape, 803 
Silkworm, 137 



SltdionaptOTB, US 
Siphoaophora, 96 
Sipbonops. 184 
Biredon, 181 
Siren, 179 
Birenia, 368 
Skate, 146 
Skua, 314 
Skunk, 396 
Sloth, 348 
Slug, 78 
Smelt, 164 
Saake bint. 316 

blind, 188 

striped. 160 
Snakes, 188 

oonti, 180 

poisonous, 100 

Ttviparous, 189 
Snipe, S21 
Solan goose, 216 
Somatwla, 218 
Sorez, 360 
Sow bug, 01 
8palaz,2S7 
Sparrow, English, 3SS 

song, aSG 
Spermaceti, 266 
8phfenodact;1us, 104 
Sphargls, 196 
SpheDiscl, 213 
Spbeotyto, 228 
Spbei, 130 
Sphinx, 127 
Spider, 119 

bird, 116 

garden, 116 

trap-door, 116 
Sponges, IS, 10 

bonng. 18 
SpoDgia Adriatica, 117 

gosBjpinB, 117 

tubulifera, 10 
Spoon-bill, 321 
Bpoon-bill flsli. 101 
Spring-tailB, 117 
SqualuB Americaoiu, 145 
SquasL-bug, 138 
Squid, 75 
Stake-driver, 220 

Bhtr-esb, 87 
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Btentor. H 


Tipula. 12S 


Bterna. 214 


Toad, 187 


Stickleback. 168 


horned, IM 


Slilt, 23 


Surinam. 187 


K'»'" 


Torpedo, 146 


Tortoise, 195 


Stone lil;. 40 


Toucan. 280 


Struthio, 208 


Tosodon, 378 


Sturgeon, 161 


Toiodontia, 278 


Sucker, 165 


TracbyBtomiita, 179 


Sngar-mite. 118 

Sura, 9ie 


Tree-load, 185 


Tremex, 189 


Sun-flBh, 167. 175 


Trepang, 45 


banded. 167 


Tricbina spirnllB. 63 


BDOtted, 167 
Surinsm toad, 187 


Tricboptera, 124 


Trigla, 167 


Swift. 280 


Trigonoceplialus, 191 
TrifobitM. 87 


8word-flBb, 16« 


Sycwdra, 17 


Triton, 180 


Sycon, 17 


Trocbllus, 230 


Syngnathua, 178 


Trout, 164 


Syrnium, a2H 


Trunk-flab. 174 


Syrpboi, 12S 


Tunicata, 186 




Turdus migratoiiuB, 38S 


tachina, las 


Turkey, wild, 223 


Tadpole, 177. 184 


Turtle, 195 


Taoia solium, 60 


green, 197 
Eawkbill. 197 


TMniM,Me 


Tape-wornw, 40 


loggerhead, 190 


Tapir, 374 


aea, 196 


TanutuU, 115 


Tyrian dye. 74 


Tarpau, 278 




TautogolabruB, 168 


TJMOimATA, 378 


Taxidea, 296 


oddtoed, 274 


Teleocephall, 161 


even-loed. 274 


Teleoatei, 1S4 


Unio, 66 




Urcbia. sea, 4i 40 


Tern, 214 


Uria. 218 


Testudlnata, 195 


UroceridiB. 128 


Tesludo, 197 


Urocyon, 288 


Tetnbrancliiata, 7S 


Urodela. 179 


Tbalaaaidioraa, 218 


Uvella. 13 


ThalMBOchelyB, 196 




ThelyphonuB giganteuB, 114 
Tbnuber, 367 


Vabasdb, 195 


Venus' flower-basket. 18 


Thread-worms, C2 




ThruBh. 386 


Vermes, 47 


Thysanoptera. 121 


Vertebratea, 183 


Thysanunt, 117 


Vespertilio. 268 


Tick, 113 


Vlcufia, 292 


TinamouB, ass 


Viper, 190 
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Vireo, 335 
Vivemi, 800 
Yorticellft, 14 
Vulpe«,St>8 

'Waisub.298 

Wapiti, 288 

Warbler. 286 

Wasp, paper, 131 

Water-flea, 87, 80 

WaxoviDK. 285 

Weasel, 297 

Weevil, plum, 138 

Whale, m 
Ad. 266 
Bperm, 266 
wtialebone, 265 

Wheel aalmalcules, C 

Whelk, 71 

WLippoorwill, 230 



Wlill« ant, UO 
Wolf. 209 
Wolf-flsh. 169 
Wolf, Tasmanian, S4S 
Wolverene, 2»7 
Woodchuck, 259 
Woodcock, 221 
Woodpecker, 229 
Worms, 47 
Wren, 285 

Zapus, 259 

Zeus, 157 

Zoarces, 159, 169 

Zoea, 94 

Zoological classiflcatlon, 3 

Zoology, deSoitioD of, 1 

meOiod of study of, 1, 9 

systematic, 8 
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THe AMERICAN SCIENCE SERIES. 



The principal objects ot the series are to supply the lack — In 
some subjects very great — of authoritative boolts whose princi- 
ples are, so far as practicable, illustrated by familiar American 
facts, and also to supply the other lack that the advance of Sci- 
ence perennially creates, of text-books which at least do not 
contradict the latest generalizations. The scheme systemati- 
cally outlines the field of Science, as the term is usually em- 
ployed with reference to general education, and includes 
Advanced Courses for maturcr college students. Briefer 
Courses for beginners in school or college, and Elementary 
Courses for the youngest classes. The Briefer Courses are not 
mere abridgments of th« larger works, but, with perhaps a 
single exception, are much less technical in style and more 
elementary in method. While somewhat narrower in range 
of topics, they give equal emphasis to controlling principles. 
The following books in this series are already published : 

THE HUMAN BODY. By H. Newell Martin, Professor in 

the Johns Hopkins University. 
Advanced Coune. 8vo. 655 pp. 

Designed to impart the kind and amount of knowledge every 
educated person should possess of the structure and activities 
and the conditions of healthy working of the human body. 
While intelligible to the general reader, it is accurate and suffi- 
ciently minute in details to meet the requirements of students 
who are not making human anatomy and physiolc^y subjects of 
special advanced study. The regular editions of the book contain 
an appendix on Reproduction and Development. Copies iuilheut 
Ikis will be sent -when specially ordered. 

From the Chicago Tribune; " The reader who follows him through 
to the end of Ihe book will be belter informed on the subject of 
modern physiology in its general features than most of the medical 
practitioners who rest on Ihe knowledge gained in comparatively an- 
tiquated text books, and will, if possessed of average good judgment 
and powers of discrimination, not be in any way cooftised by staM- 
tnents of dubious questions or confiicting views." 
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2 Tlf£ AUMklCAtf SCtMNC£ SSlUSS. 

THE HUMAN BODY.— C<M/dm«£ 
Briaftr CourM. lamo. 3641^ 

Aims to make the study of this branch of Natural Sdence a 
source of discipline to the observing and reasoning faculties, 
and not merely to present a set of facts, useful to know, which 
the pupil is to learn by heart, like the multiplication-table. 
With this in view, the author attempts to exhibit, so far as is 
practicable in an elementary treatise, the ascertained facts of 
Physiolc^ as illustrations of, or deductions from, the two car- 
dinal principles by which it, as a department of modem science, 
is controlled, — namely, the doctrine of the " Conservation of 
Energy" and that of the" Physiological Division of Lalx>r." To 
the same end he also gives simple, practical directions to assist 
the teacher in demonstrating to the class the fundamental facts 
of the science. The book includes a ckapttr on tkt aetien upon 
ike body 0/ stimulants an4 narceties. 

From Hkhkv SevAiJ^ /'rv/tiior ff/ fiyrinlag^. Utavtrsity ef MitH- 
gam "The number of poor books meant to serve the purpose of 
text-books of phjrsiolof^ for schools is so grcal that it is nell to 
define clearly the needs of such a work: I. That U shall contain aC' 
curate statements of fact. a. That its facts shall not be too numer- 
ODS, but cboten so that the important truths are recognised in their 
true relations. 3, That the langvage shall be so lucid as to ([iTe no 
excuse for misunderstanding. 4. That the value of the study as a 
discipline to the reasoning faculties shall he continually kept in view, 
I know of no elementary tent-book which is the snperlor, If the 
equal, of Prof. Martin's, as judged by these conditions. 

Elamantary CeurH. i2mo. 261 pp. 

A very earnest attempt to present the subject so that children 
may easily understand it, and, whenever possible, to start with 
familiar facts and gradually to lead up to less obvious ones. 
The action on the body of stimulants and narcotics isfulfy treated. 

From W, S. PbRRY, Sapaintindmi of School}, Ann Arbor, Muh.: 
"I find in it the same accuracy of statement and scholarly strength 
that characterize both the larger editions. The large relative space 
given to hygiene is fully in accord with the latest educational opinion 
and practice: while the amount of anatomy and physiology comprised 
in the compact treatment of these divisions is quite enough for the 
most practical knowledge of the subject. The handling of alcohol 
and narcotics is, In my opinion, especially good. The tnosl admira- 
ble feature of the book is its fine adaptation to the capacity of younger 
pupils. The diction is simple and pure, the style clear and diMCt, and 
the manner of presentation bright and ar " 
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ASTRONOMY. By SOKtts NxwcoUB, Pn^essor In the J<Atu 
Hopkins University, and Edward S. Holdeh, Directs' <A 
the Lick Observatoiy. 
'Advanced Courte. Svo. 512 pp. 

To facilitate its use by students of different grades, the sub* 
Ject-matter is divided into two classes, distinguished by the size 
of the type. The portions in large type form a complete course 
for the use of those who desire only such a general knowledge 
of the subject as can be acquired without the application of ad- 
vanced mathematics. The portions tn small type comprise ad- 
ditions for the use of those students who either desire a more 
detailed and precise knowledge of the subject, or ifho intend to 
make astronomy a special study. 

From C. A. Young, Professor in Prinetlen CaUtgt i " I conclude 
that it is decidedly superior to anything else In the market on the 
same subject and designed for the same purpose." 

Briefer Counei i2mo. 352 pp. 

Aims to furnish a tolerably complete outline of the as- 
tronomy of to-day, in as elementary a shape as will yield satis- 
factory returns for the learner's time and labor. It has been 
abridged from the lai^er work, not by compressing the same 
matter Into less space, but by omitting the details o( practical 
astronomy, thus giving to the descriptive portions a greater 
relative prominence. 

From The Critic: " The book Is In refreshing contrast to the 
productions of the professional schoolbook-makers, who, having only 
a superficial knowledge of the matter in hand, gather their material, 
without sense or discrimination, from all sons of authorities, and 
present as the result an indigesia melei, a mass of crudities, not un- 
mixed with errors. The student of this book may feel secure as to 
the correctness of whatever he finds in it. Facts appear as facts, and 
theories and speculations stand for what they are, and are worth." 

From W. B. Graves, Maiicr ScientiJU: Drpartrntnt ef PkUHpt 
Acadmy: "I have used the Briefer Course of Astronomy during the 
past year. It is up to the times, the points are put in a way to inter, 
est the student, and the size of the book makes it easy to go over the 
subject in the time alloHcd by our schedule." 

From Henkv Lefavour. fa/f Teachir ef Astronotny, WilHslim Semi, 
nary: " The impression which I formed upon first examination, that 
it was In very many respects the best elementary text-book on [he 
•object, has been confirmed by mj experience whh it in the class- 
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ZOOLOOr. Bf A. S. Packard, Profesaor in Brown Uniretb 

alty. 
Advanced CouiMi 8vo, 719 pp. 

Desired to be used either in the recitation-room or in the 
Uboratory. It will serve as a guide to the student who, with a 
desire to get at first-hand a general knowledge of the structure 
of leading types of life, examines living animals, watches their 
movements and habits, and finally dissects them. He is pre- 
sented first with the facts, and led to a thorough knowledge 
of a few typical forms, then taught to compare these with 
others, and finally led to the principles or inductions growing 
out of the facts. 

From A. E. Verrill, Prafeaior vf Zealogy in Yali CoUegi: " The 
general treatment of the subject is good/ and the descriptions ot 
structure and tlie definitions of groups are, for the most part, clear, 
concise, and not so much overburdened by technical terms as in sev 
cral other n.anuals of struciural loology dow in use." 

Brfef«r Couru. i2mo. 334 PP- 

The distinctive characteristic of this book Is its use of the 
c^ect method. The author would have the pupils first examine 
and roughly dissect a fish, in order to attain some notion (A 
vertebrate structure as a basis of comparison. Beginning then 
with the lowest forms, he leads the pupil through the whole 
animal kingdom until man is reached. Ae each of its great 
divisions conies under observation, he gives detailed instruc- 
tions for dissecting some one animal as a type of the class, and 
bases the study of other forms on the knowledge thus obtained. 

From Herbert Csborn, Pref^sjor ef Zoology, Imua Agricultural 
CeUege: " I can gladly recommend it to any one desiring a work of 
such character. While 1 strongly insist that students should study 
animals Irom the animals themselves, — a point strongly urged by 
Prof, Packard in his preface, — I also recognize the necessity of a 
reliable text-book as a guide. As such a guide, and covering the 
ground it does, I know of nothing better than Packard's," 
First Lessons In Zoology. i2mo. 290 pp. 

In method this book differs considerably from those men- 
tioned above. Since it is meant for young beginners, it de- 
scribes but few types, mostly those of the higher orders, and dis- 
cusses their relations to one another and to their surroundings. 
The aim, however, is the same with that of the others ; namely, 
to make clear the general principles of the science, rather than 
to fill the pupil's mind with a mass of what may appear to him 
unrelated facts. * >Oq[c 
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ZOOLOOr— CowZ/Mfc^rf. 

Fcom Science : — The style U clear, and [he subjects made interest- 
ing. The student's mind is not confused by a mass □[ details, or by 
unsatisfactory descriptions of a large number of specimens which he 
can never expect to see, much less examine; but the brief sketches of 
a fen of the most important forms will awaken in him a desire for 
wider knowledge. The figures are numerous, averaging almost one 
to each page ; yet they are so well selected that, while one grudges so 
much space, he finds few which he would omit. 

BOTANY. By Charles E. Bessey, Professor in the Univer- 
sity of Nebraska. 
Advanced Courts* Svo. 6i I pp. 

Aims to lead-the student to obtain at first-hand his knowl- 
edge of the anatomy and physiolt^y o£ plants. Accordingly, 
the presentation of matter is such as to fit the book tor con- 
stant use in the laboratory, the text supplying the outline sketch 
which the student is to fill in by the aid of scalpel and micro- 
scope. 

From J. C. Arthur, Editor of Tht Botanical Gaatte ; "The first 

departmenlB of the science wilh anything like due consideration. 
This Is especially true in reference to the physiology and histology of ■ 
plants, and also to special morphology. Structural Botany and clas- 
sification have up to the present time nionopoliied the field, greatly 
retarding the diffusion of a more complete knowledge of the science. 

Etssntials of Botany. I2mo. 292 pp. 

A guide to beginners. Its principles are, that the true aim of 
botanical study is not so much to seek the family and proper 
names of specimens as to ascertain the laws of plant structure 
and plant life; that this can be done only by examining and 
dissecting the plants themselves ; and that it is best to confine 
the attention to a few leading types, and to lake up first the 
simpler and more easily understood forms, and afterwards those 
whose structure and functions are more complex. The latest 
ediliom of the work contain a chapter on the Gross Anatomy 
0/ Flowering Plants. 

nia ,- " Tl 

nothing essential left out. The language is lucid ; and, as the crown- 
ing merit of the book, the author has introduced throughout the vol- 
ume' ' Practical Studies,' which direct the student in his effort to ae« 
for himself all that the text-book teaches." K^olt' 
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CHEMISTRY. By iRA Remsen, Professor in the Johns Hop- 
kins University, 
Ad van omI Course. 8vo. {,In preparation.) 

The general plan of this work will be the same with that of 
the Briefer Course, already published. But the part in which 
the members of the different families are treated will he con- 
siderably enlarged. Some attention will be given to the lines 
of investigation regarding chemical affiiiity, dissociation, speed 
of chemical action, mass action, chemical equilibrium, thermo- 
chemistry, etc. The periodic law, and the numerous relations 
which have been traced between the chemical and physical 
properties of the elements and their positions in the periodic 
system will be specially emphasized. Reference will also be 
made to the subject of the chemical constitution of compounds, 
and the methods used in determin 



Introduction to tho Study of Chemistry. i2mo. 3S9 pp. 

The one comprehensive truth which the author aims to make 
clear to the student is the essential nature of chemical action. 
With this in view, he devotes the first 208 pages of the book to 
a carefully selected and arranged series of simple experiments- 
in which are gradually developed the main principles of the sub- 
ject. His method Is purely inductive ; and, wherever eiperience 
has shown it to be practicable, the truths are drawn out by 
pointed questions, rather than fully stated. Next, when the 
student is in a position to appreciate it, comes a simple account 
of the theory of the science. The last 150 pages of the book 
are given to a survey, fully illustrated by experiments, of the 
leading families of inorganic compounds. 

From Arthur W. Wright, Professer in Yalt CnUtgc .—The student 
\% not merely made scquainied with the phenomena of chemistry, bu^ 
is consunlly led 10 reason upon tbcm, to draw conclusions from Ihem 
and to study their si^JGcance with reference to the processes m 
chemical action — a course which makes the book in a high degree dis- 
ciplinary as veil as instruclive. 

From Thos. C. Van Nuys, Professor of Chemistry in Ihi Indiana 
University; — It seems to mc that Remsen's "Introduction to the 
Study of Chemistry" meets every requirement as a text or class book. 

From C. L«a MeeS, Prefessor of Chemistry in the Ohio Univtrnty: 
— I unhesitatingly recommend It as the best work asyct published (OT 
the use ol beginners In the study. Having used it. I feel justified in 
saying this much. _^ 
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' CHtmSTRr—CoHtitttied. 
Clemsnti of Chamlttry. iimo. 372 pp. 

Utilizes the facts of cvcry-day experience to show what chem- 
istry is and how things are studied chemically. The language 
is untcchnical, and the subject is fully illustrated by simple ei- 
perjments, in which the pupil is led by questions to make his 
own inferences. The author has written under the belief that 
"a rational course in chemistry, whether for younger or older 
pupils, is something more than a lot of statements of facts of 
more or less importance ; a lot of experiments of more or less 
beauty; or a lot of rules devised for the purpose of enabling 
the pupil to tell what things are made of. If the course does 
not to some extent help the pupil to think as well as to see it 
does not deserve to be called rational." 

Ckasb Palmer, Fnffsiorin the Stale Ni^rmal School, Salem, Matt.! 
— It is the best introduction to chemistry that I know, and I intend lo 
put it into the hands of my pupils next Fall. 

A. D. Gray, Instntctor in SpringfieU (Matt.) High Sehnol . — Neat, 
attractive, clear, and accurate, it leaves little to be desired or sought 
for by one who would find the best book for an elementary course In 
our High Schools and Academies. 

OENERAL BIOLOGY. By William T^ Sedgwick, Professor 
in the Mass. Institute of Technology, and Edmund B. Wil- 
son, Professor in Btyn Mawr College. Part I. 8vo. 193 pp. 
This work is intended for college and university students as 
an introduction to the theoretical and practical study of bi- 
ology. It is not zoology, botany, or physiology, and is intended 
not as a substitute, but as a foundation, for these more special 
studies. In accordance with the present obvious tendency of 
the best elementary biological teaching, it discusses broadly 
some of the leading principles of the science on the substantial 
basis of a thorough examination of a limited number of typical 
forms, including both plants and animals. Part First, now 
published, is a general introduction to the subject illustrated 
by the study of a few types. Part Second will contain a de- 
tailed survey of various plants and animals. 

W. G. Farlow, Pre/essar in ffatvard l/nivirtity. Cambridge, Matt.! 
— An introduction Is always difficult to write, and I know no work in 
which the general relations of plants and animals and the cell-umc- 
ture have been so well stated iti a condensed form. 1 



b, Google 



